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In ACI Journal next month 


Last minute changes based on Dallas convention discussion have been in- 
corporated in “Hot Weather Concreting Problems,” the progress report of 
ACI Commurrrer 605 which will head Journa offerings in May. 


Strength reduction, plastic shrinkage cracking, accentuated thermal shrink- 
age at low use-temperatures, too-rapid stiffening of the fresh concrete 
these are hot-weather problems which the average concrete user and producer 


have been slow to recognize... problems made more pressing in recent 
years by ever-increasing scope and speed of construction. 


Controlling the temperature of concrete ingredients will help in meeting 
these problems. Shading of the placement and mixing facilities and use of 
white-painted equipment to reflect heat are also advised. Liberal use of 
cooling water during curing is recommended, and a white pigmented com- 
pound or plastic membrane may be applied to concrete surfaces after forms are 
removed. Special precautions for handling test specimens in hot weather are 


also indieated 


* 


Martin Scnutz and Mauricio Cugpraur have worked out “Some Tables for 
Horizontal Cireular Beams with Uniform Loads,’’ which allow the engineer to design 
circular beams without going through the complicated process of developing the for- 
mulas. The authors trace development of their formulas in a brief paper for May. 


* 


Studies of the ‘“Mortar- and Concrete-Making Properties of Natural Sands Related 
to Their Physical Properties” have been written up by C. F. Zrersman, physicist for the 
South African Railways, Johannesburg. Investigations were initiated when it was dis- 
covered that crushed sands, in spite of good grading, compared unfavorably in service- 
ability with natural sands 


* 


kk. VAN Wansum will offer an “An Idea for Long-Span Prestressed Concrete 
Bridges”? in non-mathematical form. The imaginative solution offered com- 
bines prestressing with hyperboloidical and hyperbolic paraboloidical girders, 
the theories for which are available from many sources. 


* 


Structural research is reported by A. F. At-Auust in “Diagonal Tension 
Strength of Reinforced Concrete T-Beams with Varying Shear Span.”’ Beams 
tested had no web reinforcement, and emphasis was placed on large shear 
spans. 


iv 





Title No. 53-51 


Review of Activities During 1956° 


By FRANK KEREKESt 


SYNOPSIS 


A net gain of 1057 Institute members is reported for 1956. New publica- 
tions issued during the year are cited, along with expanded JouRNAL publica- 
tion schedule and revised scheme for publishing discussion of papers and re- 
ports. Work of the Standards Committee is reviewed, and new technical com- 
mittees are described. Progress in planning and financing the proposed ACT 
headquarters building is summarized. 


Ten years ago in 1947 the American Concrete Institute had a membership 
of 3779. During the past year the net gain in membership was 1057 bringing 
the total number of members to 8444. The work of the Institute is actively 
carried on by more than 500 members serving on 35 committees. In addition 
there is American Concrete Institute participation in the work of 18 com- 
mittees of other organizations: seven committees of the American Standards 
Association, four committees of the American Society for Testing Materials, 
and 11 other groups. The Institute also participates in five joint committees 
with the American Society of Civil Engineers. One out of every ten ACI 
members gratuitously contributes of his talent, time, and energy so that 
science, technology, and practice in the use of concrete and reinforced con- 
crete may keep abreast of new and improved developments. 


MEMBERSHIP 


Continued growth of the Institute is evidenced by the 1641 new members 
who have joined the Institute. During the year we lost through death, resig- 
nations, and other reasons 584 members. A net gain of 1057 in membership 
brings the present total up to 8444. On the basis of the large number of 
people active in the field of concrete and reinforced concrete there is no reason 
why the present membership should not reach 16,000 by 1967. The rate of 
growth of the Institute has steadily increased from a low value of 5.7 percent 
in 1951 to the present increase of 14.3 percent for 1956. Table 1 indicates 
membership growth over the 10-year period just past. 


*Presented at the ACI 54rd annual convention, Dallas, Tex., Feb. 27, 1957. ‘Title 53-51 is a part of copyrighted 
JOURNAL OF THE AMERICAN Concrete INnerirute, V. 28, No. 10, Apr. 1957, Proceedings V. 53. Separate prints 
are available at 35 cents each. Disevssion (copies in triplicate) should reach the Institute not later than Aug. 1, 
1957. Address P.O. Box 4754, Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Dean of Faculty, Michigan College of Mining and Technology, Houghton 
Mich. 
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TABLE 1—MEMBERSHIP GROWTH 1947-1956 





Year Total membership Net gain Percent gain 


1947 3779 
1948 4395 
1949 4884 
1950 5215 
1951 5510 
1952 5972 
1953 6352 
1954 6699 
1955 7387 
1956 $444 











FINANCE 


Despite record high expenditures in 1956 resulting from high outlays for 
publications totaling almost $114,000, some progress was made toward achieve- 
ment of the Board’s objective of reserve funds equaling 1 year’s operating 
expenses. Just short of $11,000 was added to reserves from a total income for 
the year of $259,000. Membership dues contributed 47.5 percent, publica- 
tion sales 41.2 percent, advertising 9.6 percent, and miscellaneous sources 
made up the remaining 1.7 percent. Liquid assets of the Institute are approxi- 
mately $200,000 in comparison with a budget for 1957 approaching $250,000. 
Reserves in all funds amount to $357,094.75. 


PUBLICATIONS 


Important impetus to publication sales was provided by the revised ACI 
Building Code, the 1956 version of which was officially adopted Apr. 1, 1956. 
During the remainder of the year more than 60,000 copies of Building Code 
Requirements for Reinforced Concrete (ACI 318-56) were printed and dis- 
tributed. Continued demand for the ACI Manual of Concrete Inspection, 
Manual of Standard Practice for Detailing Reinforced Concrete Structures (ACI 
315-51), and the Reinforced Concrete Design Handbook aided in putting the 
total sales of publications over $100,000 for the year. New publications 
planned for 1957 are a revised edition of the ACI Manual of Concrete Inspec- 
tion and a new detailing manual combining the present two separate manuals 
on buildings and on highway bridges. 


The change in the publication schedule of the ACI JourNAL to 12 issues 
per year increased Institute service to members and also permitted reduction 
of time between approval of manuscripts and publication of papers. The in- 
creased frequency of publication, plus more pages per issue and a substantial 
rise in printing prices resulted in a 70 percent increase in cost of publishing the 
JouRNAL. This improvement in member service has been provided at no 
additional cost to members. 





REVIEW OF ACTIVITIES DURING 1956 


STANDARDS 

The Standards Committee had another busy year in 1956. It processed 
for adoption at this Dallas Convention standards relating to the revised 
Manual of Standard Practice for Detailing Reinforced Concrete Structures and 
the “Recommended Practice for Evaluation of Compression Test Results of 
Field Concrete.” 

It also approved for publication and discussion with a view to presentation 
at the 1958 convention two proposed standards relating to highway design 
and construction. They are “Proposed Recommended Practice for Design of 
Concrete Pavements,” and “Proposed Specifications for Concrete Pavements 
and Bases.”” The scope of these reports is such that formal discussion before 
submission to an annual meeting for adoption was considered desirable. 

Currently under consideration is a “‘Proposed Test Procedure to Determine 
Relative Bond Value of Reinforcing Bars,” by Committee 208, Bond Stress. 


TECHNICAL COMMITEES 


Three technical committees were authorized by the Board of Direction. 
Committee 401, Specifications for Structural Concrete, with George H. Nelson, 
chairman, is to prepare material to serve as a basis for the section on struc- 
tural concrete in specifications. The report is to be in such form that applic- 
able portions may be incorporated, and additional special provisions inserted 


as required, by the specification writer to form a complete specification for 
structural concrete. 


Committee 614, Measuring, Mixing and Placing Concrete, has L. H. Tuthill 
as chairman. This reactivated committee will review and bring up to date 
the Recommended Practice for Measuring, Mixing and Placing Concrete (ACI 
614-42) and will consider inclusion of data on performance requirements of 
concrete mixing plants. 

Committee 714, Concrete Bins and Silos, has been reactivated with Prof. C. H. 
Scholer, chairman. Its expanded mission is to prepare recommendations for 
the design and construction of concrete structures to store solids. The work 
will be an extension and revision of that reported in Recommended Practice for 
Construction of Concrete Farm Silos (ACI 714-46). Report will include data on 
static design pressures for solids such as cement, flour, sugar, grain and coal. 

Committee 505, Design of Reinforced Concrete Chimneys was discharged 
since no immediate revision of the 1954 report is contemplated. 

Reports of committees published during the year included those of ACI- 
ASCE Committee 327, “Ultimate Strength Design.’”’ Also a four-part report 
by Committee 325, “Structural Design of Concrete Pavements for Highways 
and Airports.” 

ACI BUILDING PROJECT 

After two organizational meetings, the Building Committee, headed by 
Henry L. Kennedy, got the fund drive underway in September 1956. As of 
Feb. 23, 1957, 5 months of intensive effort has resulted in raising $165,934.14, 
well over half of the established quota. This money has been contributed by 
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firms closely associated with the concrete industry. It is felt that many, if 
not all, of the members of the American Concrete Institute will want to 
participate in making voluntary contributions to the building fund. 

On Jan. 18, 1957 the firm of Yamasaki, Leinweber, and Associates, Royal 
Oak, Mich., completed the plans and specifications for the new headquarters 
building and placed them in the hands of contractors for bids. The Building 
Committee met at this Dallas Convention on Feb. 23, 1957 and reviewed the 
financial progress in the fund drive. Bids opened and tabulated were from 
11 general contractors, ten plumbing and heating and ventilating contractors, 
and eight electrical contractors. The Board of Direction at its regular meet- 
on Feb. 24, 1957, approved the appointment of a committee consisting of 
A. Allan Bates, Charles 8. Whitney and Walter H. Price to review with the 
architect, the five lowest combinations of bids and to designate the general 
contractor and subcontractors to be chosen for the construction of the head- 
quarters building. Construction is expected to begin in March with com- 
pletion by December 1957. Before the completion date the cooperation of all 
members of the Institute in achieving the fund goal will be necessary. 


CONCLUSION 


Annual conventions such as the present 1957 Dallas Convention and re- 
gional meetings such as the one recently held in Montreal, Canada, serve to 
bring the Institute to members in widely scattered areas. At these meetings 
ideas are discussed and crystallized; abstract names in the membership di- 
rectory become real living personalities. The unique and purposeful char- 
acteristic of these meetings is the effective work accomplished in many com- 
mittee meetings, in the presentation and discussion of timely papers, in the 
excellent and uninterrupted attendance at all programs, and finally in those 
all-important person-to-person visits in the halls and lobbies. The inspira- 
tion and information gained through these personal contacts motivates the 
members to increased respect for their professional ideas and to renewed 
dedication for the furtherance of their contributions to the American Concrete 
Institute. 

Noteworthy increases in membership, the issuance of 12 instead of ten 
numbers of the ACI JourNAL, increase in the number, contributions, and 
activities of committees, and the tremendous amount of additional office work 
in connection with the effective Building Fund drive, all combined to add 
very considerable extra work and responsibility for the entire headquarters 
personnel, all of whom are commended for the excellent spirit in which they 
did fine work, well beyond that which might normally be expected, under the 
able and effective guidance of William A. Maples, Secretary-Treasurer; 
Paul Rice, Technical Director; and Robert Wilde, Managing Editor. For 
their prompt, courteous, and special attention to the work of the President, 
I am deeply grateful. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1957, for publication in the Part 2, December 1957 Journat, 





Title No. 53-52 


Proposed Revision of 


Specifications for Concrete Pavements 
and Concrete Bases’ 


Reported by ACI Committee 617 


H. F. CLEMMER 
Chairman 

E. A. ABDUN-NUR W. E. HAWKINS 
HAROLD ALLEN T. E. HOWELL 
A. A. ANDERSON FRED HUBBARD 
E. W. BAUMAN T. J. KAUER 
JOHN A. BISHOP PHILLIP L. MELVILLE 
FRANK B. BROWN BAILEY TREMPER 
A. T. GOLDBECK STANTON WALKER 


SYNOPSIS 


Specifications apply to construction of portland cement concrete pavements 
and bases under normal conditions for both highways and airports. Standards 
and specifications of several other organizations are incorporated b¥ reference 
Sources and acceptance standards for materials are given, as well as ma- 
terials testing procedures and procedures for test of concrete strength to be 
used as a basis for proportioning of mixtures. Specifications for the materials 
and construction of soil foundations for concrete pavements and concrete 
bases are included. Provision is made for use of foundations stabilized by a 
cementing agent, but materials and construction of such are beyond scope of 
this specification. 
Materials, dimensions, setting, and removal of forms are treated. Con- 
struction methods are specified for forming joints, installation of joint seal 
and load transfer devices, and placing of reinforcement. Concrete propor 
tioning based on design for minimum strength is covered in detail; propor 
tioning based on fixed cement content is allowed 
Other sections cover production of high-early-strength concrete and the 
handling and mixing of materials. Detailed requirements are given for 
placing, finishing, and curing of pavement concrete. Check of thickness of 
finished pavement is cited as basis for adjustments in payment to contractor 
Protection of finished pavement, opening it to traffic, and public use of thor- 
oughfare during construction are also specified 
*Title No. 53-52 is a part of copyrighted JouRNAL or THE American Concrete Inerrrure, V. 28, No. 10, Apr 
1957, Proceedings V. 53. Separate prints are available at 60 cents each. Discussion (copics in triplicate) should 
reach the Institute not later than Aug. 1, 1957. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 
This report in form and substance as here submitted was approved unanimously by the committee as listed above 


Committee 617 anticipates that this revision will supersede “Specifications for Concrete Pavements and Bases 
(ACI 617-51)." It is released by the Standards Committee for publication and discussion 
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CHAPTER 1—INTRODUCTION 
101—Scope 


(a) These specifications apply to the construction of portland cement con- 
crete pavements and bases under normal conditions for both highways and 
airports, including the preparation of the subgrade, and shall govern unless 
modified by special provisions to take into account unusual conditions of 
traffic, subgrade, drainage, exposure, and other factors. 


(b) Subjects covered include: materials; proportions of materials based on 
design for minimum strength or based on uniform cement factor; measurement 
and handling of materials; mixing; high-early-strength concrete; subgrade 
and subbase preparation; forms; installation of joints and reinforcement; 
placing and finishing concrete; and curing. 


102—Reference specifications cited in this recommendation 


The specifications of the American Society for Testing Materials, American 
Association of State Highway Officials, the federal government, and standards 
and proposed standards of the American Concrete Institute referred to in 
these specifications are listed below with their serial designations including 
the year of latest revision where applicable. These specifications or the latest 
revisions thereof are declared to be a part of this specification, the same as 
if fully set forth elsewhere herein: 


ACT standards and proposed standards 
Proposed Recommended Practice for the Design of Concrete Pavements (ACI 325) 
Recommended Practice for Winter Concreting (ACT 604-56) 


ASTM specifications 
A15-54T ‘Tentative Specifications for Billet-Steel Bars for Concrete Reinforcement 
A 16-54T ‘Tentative Specifications for Rail-Steel Bars for Concrete Reinforcement 
A 184-37 Standard Specifications for Fabricated Steel Bar or Rod Mats for Concrete 
Reinforcement 
A 185-54T Tentative Specifications for Welded Steel Wire Fabrice for Concrete Rein- 
forcement 
A 305-53T ‘Tentative Specifications for Minimum Requirements for the Deformations 
of Deformed Steel Bars for Concrete Reinforcement 
C 10-54 Standard Specifications for Natural Cement 
C 31-49 Standard Method of Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field 
C 43-55T Tentative Specifications for Concrete Aggregates 
C 39-49 Standard Method of Test for Compressive Strength of Molded Concrete 
Cylinders 
‘78-49 Standard Method of Test for Flexural Strength of Concrete (Using Simple 
Beam with Third-Point Loading) 
'94-55T Tentative Specifications for Ready-Mixed Concrete 
' 127-42 Standard Method of Test for Specifie Gravity and Absorption of Coarse 
Aggregate 
* 128-42 Standard Method of Test for Specific Gravity and Absorption of Fine 
Aggregate 
‘138-44 Standard Method of Test for Weight per Cubic Foot, Yield, and Air Con 
tent (Gravimetric) of Concrete 





CONCRETE PAVEMENTS AND CONCRETE BASE 


C 143-52 Standard Method of Test for Slump of Portland-Cement Concrete 
C 150-55 Standard Specifications for Portland Cement 
C 171-53 Standard Specifications for Waterproof Paper for Curing Concrete (Tenta 
tative Revision of Specifications C 171 issued June 1955 
1172-54 Standard Method of Sampling Fresh Concrete 
1173-55T Tentative Method of Test for Air Content of Freshly Mixed Concrete by 
the Volumetric Method 
174-49 Standard Method of Measuring Length of Drilled Concrete Cores 
175-55 Standard Specifications for Air-Entraining Portland Cement 
* 192-55 Standard Method of Making and Curing Concrete Compression and 
Flexure Test Specimens in the Laboratory 
'205-53T Tentative Specifications for Portland Blast-Furnace Slag Cement 
231-54 Standard Method of Test for Air Content of Freshly Mixed Concrete by 
Pressure Method 
) 260-54 Standard Specifications for Air-Entraining Admixtures for Concrete 
'309-53T Tentative Specifications for Liquid Membrane-Forming Compounds for 
Curing Concrete 
1 340-55T Tentative Specifications for Portland-Pozzolan Cement 
'350-54T Tentative Specifications for Fly Ash for Use as an Admixture in Portland 
Cement 
C 358-55T ~=Tentative Specifications for Slag Cement 
C 360-55T Tentative Method of Test for Ball Penetration in Fresh Portland Cement 
Concrete 
1D) 98-56T Standard Specifications for Calcium Chloride 
LD 544-52T Tentative Specifications for Preformed Expansion Joint Fillers for Con- 
crete (Nonextruding and Resilient Types) 


‘ederal specifications 


SS-S-164 Sealer, Hot-Poured Type, for Joints in Concrete 
SS-S-156 Sealer, Cold-Application Emulsion Type, for Joints in Coneret 
SS-S-159 Sealer, Cold-Application Mastic Type, for Joints in Concrete 


ASHO specifications 


M 73-49 Standard Specifications for Cotton Mats for Curing Concrets 

M 74-55 Standard Specifications for Subgrade Paper 

M 139-54 Standard Specifications for Waterproof Paper for Curing Concrete 

M 147-55 = Standard Specifications for Materials for Soil Aggregate Subbase, Base, and 
Surface Courses 

T 26-51 Quality of Water to be Used in Concret« 

T 89-54 Standard Methods of Determining the Liquid Limit of Soils 

T 91-54 Standard Methods of Calculating the Plasticity Index of Soils 

T 99-49 Standard Laboratory Method of Test for the Compaction and Density of 
Soil 


CHAPTER 2—MATERIALS 
201—Sources 


Cement, aggregates, admixtures, and water shall be furnished only from 
sources of supply approved by the engineer before shipments are started, and 


may be used only so long as the materials meet the requirements of these 
specifications. The basis of approval of such sources shall be the ability to 
produce materials of the quality and in the quantity required. 
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202—Requirements for materials 

(a) Admirtures—-Materials other than cement, fine aggregate, coarse 
aggregate, and water for use in concrete pavement shall conform to the follow- 
ing specifications: 

1. “Specifications for Air-Entraining Admixtures for Concrete’ (ASTM 
© 260). 

2. “Specifications for Fly Ash for Use as an Admixture in Portland Cement 
Concrete”? (ASTM C 350). 

4. “Specifications for Calcium Chloride” (ASTM D 98). 

(b) Aggregates 

1. Aggregates shall conform to the requirements of “Specifications for 
Concrete Aggregates” (ASTM C 33). 

Coarse aggregate shall be furnished in at least two separate sizes with the 
separation at the *4-in. sieve when combined material graded from No. 4 to 
114 in. is specified and at the 1-in. sieve when combined material graded from 
No. 4 to 2 in. is specified. 

2. Aggregates shall be so stored as to prevent the inclusion of foreign 
material. Aggregates shall not be stored upon the finished subgrade. Aggre- 
gates of different kinds and sizes shall be placed in separate stockpiles. Stock- 
piles of coarse aggregates shall be built up in successive horizontal layers not 
more than 3 ft thick. Hach layer shall be completed before the next is started. 
Should segregation occur, the aggregates shall be remixed to conform to the 
grading requirements. 

4. Frozen aggregates or aggregates containing frozen lumps shall be thawed 
before use. Washed aggregates and aggregates produced or manipulated by 
hydraulic methods shall be allowed to drain for at least 12 hr before use. 
Stockpiles or cars and barges equipped with weep holes are considered to offer 
suitable opportunity for drainage. 

(c) Cement—Cement for use in concrete pavements shall be as specified 
end shall conform to the requirements of applicable ASTM) specifications 
listed. 

1. Cement may consist of any of the following types or combinations there- 
of: 

a. Portland cement (ASTM C 150) 
b. Air-entraining portland cement (ASTM C 175) 
¢. Portland blast-furnace slag cement (ASTM C 205) 
2. Cement may consist of a blend of portland-type cement as above and one 
of the following other cements: 
a. Natural cement (ASTM C 10) 
b. Slag cement (ASTM C 358) 
¢. Portland-pozzolan cement (ASTM C 340) 
(d) Cover materials for curing 


1. Burlap shall be made from jute or hemp and, at the time of using shall 
be in good condition, free from holes, dirt, clay, or any other substance which 
interferes with its absorptive quality. It shall not contain any substance 





CONCRETE PAVEMENTS AND CONCRETE BASE‘ 921 


which would have a deleterious effect on the concrete. Burlap shall be of such 
quality that it will absorb water readily when dipped or sprayed and shall 
weigh not less than 7 oz per sq yd when clean and dry. Burlap made into 
mats may be used if care in handling is exercised to avoid marring the finished 
surface of the concrete. 

2. Cotton mats for curing concrete shall conform to the requirements of 
“Specifications for Cotton Mats for Curing Concrete” (AASHO M 73). 

3. Paper for curing concrete shall conform to the requirements of “Speci- 
fications for Waterproof Paper for Curing Concrete” (ASTM C 171), (AASHO 
M 139). 

4. Impermeable sheets other than paper shall conform to the water reten- 
tion requirements of “Specifications for Waterproof Paper for Curing Con- 
crete” (ASTM C 171). 

5. Liquid membrane-forming compounds shall conform with the require- 
ments of “Specifications for Liquid Membrane-Forming Compounds for 
Curing Concrete’ (ASTM C 309). 

(e) Expansion joint filler—Expansion joint filler shall conform to the re- 
quirements of “Specifications for Preformed Expansion Joint Fillers for Con- 
crete” (ASTM D 544). 

({) Joint sealing material—Joint sealing material shall conform to the re- 
quirements of ‘‘Federal Specifications for Sealer; Hot-Poured Type, for 


Joints in Concrete” (SS-S-164); “Sealer, Cold-Application Emulsion Type, 
for Joints in Concrete” (SS-S-156); or “Sealer, Cold-Application Mastic 


Type, for Joints in Concrete” (SS-S-159). 

(g) Metal joint plate and pins—If plates are used for tongue-and-groove 
joints, they shall be made of metal not less than 16 gage (U.S. Standard 
Gage, 1893) in thickness. Each section shall be a continuous strip of metal not 
less than 10 ft long having a width '% in. less than the depth of the pavement 
and shall be provided with an end connection which will hold the ends of 
strips firmly together. Each section shall be of the specified cross section, 
and shall be punched for dowels or tie bars, and pins, as specified or shown 
on the plans. 

Pins shall be channel shaped, pressed out of sheet steel of not less than 12 
gage (U.S. Standard Gage, 1893) in thickness; they shall be a minimum of 
15 in. in length or longer if necessary to provide proper support. 

(h) Reinforcing steel and accessories 

1. Steel wire fabric reinforcement shall conform to the requirements of 
“Specifications for Welded Steel Wire Fabric for Concrete Reinforcement” 
(ASTM A 185). 

2. Bar mats—The steel in bar mats shall conform to the requirements of 
“Specifications for Bar or Rod Mats for Concrete Reinforcement” (ASTM 
A 184). Members shall be of the size and spacing shows: on the plans. All 
intersections of longitudinal and transverse bars shall be securely wired, 
clipped, or welded together in the plant of the steel supplier. 
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4. Bars—Reinforcing bars shall conform to the requirements for interme- 
diate or hard grade in “Specifications for Billet-Steel Bars for Concrete Re- 
inforeement”’ (ASTM A 15), or of “Specifications for Rail-Steel Bars for Con- 
crete Reinforcement” (ASTM A 16). Bars depending upon bond for their 
effectiveness shall conform to the requirements of “Specifications for Mini- 
mum Requirements for the Deformations of Deformed Steel Bars for Con- 
crete Reinforcement” (ASTM A 305), and shall be free from excessive rust, 
scale, or other substances which prevent the bonding of the concrete to the 
reinforcement. 

1. Tie bars shall be deformed steel bars conforming to the requirements of 
the specifications for reinforcing bars except that structural-grade steel bars, 
only, shall be used where they are to be bent and restraightened. 

5. Dowels and sleeves shall be plain round bars conforming to the require- 
ments of the specifications for reinforcing bars. Dowel bars shall not be 
burred, roughened, or deformed out of round in such a manner as to affect 
slippage in the concrete. 

When metal sleeves are used, they shall cover the ends of the dowels for 
not less than 2 in. nor more than 3 in. The sleeve shall be closed at one end 
and shall have a suitable stop to hold the end of the bar at least 1 in. from the 
closed end of the sleeve. It shall be of such rigid design that the closed end 
will not collapse during construction. 


6. Chairs for holding tie rods in correct position while the concrete is being 


placed shall be made of metal, minimum 16 gage (U.S. Standard Gage, 1893) 
in thickness, a minimum of 12 in. in length and 1%4 in. in width. This ma- 
terial shall be slightly rounded in the 1%4-in. dimension and shall be tapered 
slightly at the bottom to facilitate driving into the finished grade. 

7. Stakes used to support expansion joint fillers shall be channel or U- 
shaped metal, *4 in. wide, *% in. deep, and not less than 16 gage (U.S. Standard 
Gage, 1893) in thickness. They shall be a minimum of 15 in. in length or 
longer if necessary to provide proper bearing support. 

(i) Subgrade paper—Paper to be used under the slab shall conform to the 
requirements of “Specifications for Subgrade Paper” (AASHO M 74). 

(j) Water—Water used in mixing or curing concrete shall be clean and free 
from injurious amounts of oil, salt, acid, vegetable, or other substances harm- 
ful to the finished product. Sources of water shall be maintained at such a 
depth, and the water shall be withdrawn in such a manner (by enclosing 
pump intake, etc.), as to exclude silt, mud, grass, or other foreign materials. 
Water shall be secured from previously approved sources or sources approved 
after testing in accordance with “Quality of Water to be Used in Concrete”’ 
(AASHO T 26). 


CHAPTER 3—TEST OF MATERIALS 
301—Test methods 
Materials shall be tested in accordance with methods referred to in the 
appropriate specifications, except as otherwise specified. 
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302—Flexural strength tests of concrete as basis of design 


Specimens for flexural strength tests to be used as the basis for the design 
of concrete mixtures shall be molded and cured in accordance with “Method 
of Making and Curing Concrete Compression and Flexure Test Specimens in 
the Laboratory” (ASTM C192). Specimens shall be tested in accordance 
with “Method of Test for Flexural Strength of Concrete (Using Simple Beam 
with Third-Point Loading)” (ASTM C 78). 


303—Flexural strength tests of concrete 


(a) Two groups of flexural strength specimens shall be made in the field 
in accordance with “Method of Making and Curing Concrete Compression 
and Flexure in the Field’ (ASTM C31). One of these groups shall be for 
curing in accordance with Sections 7(a) and (b) of that standard and one for 
curing in accordance with Sections 7(a) and (c). The first group shall be for 
the purpose of checking the adequacy of the laboratory design for the condi- 
tions of proportioning and mixing on the job. The second group shall be for 
checking the adequacy of curing and other job conditions which determine 
when the structure may be put in service. 

(b) Specimens for checking laboratory design shall be tested in accordance 
with “Method of Test for Flexural Strength of Concrete (Using Simple Beam 
with Third-Point Loading)” (ASTM C78). Specimens tested after curing in 


the field should be tested in accordance with ASTM C 78. If another type of 
testing machine is used, results with it should be correlated with those at- 
tained from the standard apparatus. 


(c) Number of specimens——At least three beams, for each of the two curing 
methods, shall be made for at least each 2000 sq yd of pavement or a portion 
thereof placed on any one day. 


304—Compressive strength of concrete 


The compressive strength test specimens of concrete for use in design 
shall be made and cured in accordance with “Method of Making and Curing 
Concrete Compression and Flexure Test Specimens in the Laboratory”’ 
(ASTM C 192). They shall be tested in accordance with “Method of Test for 
Compressive Strength of Molded Concrete Cylinders” (ASTM C 39) 


305—Specific gravity and absorption of aggregates 

(a) Fine aggregate—The bulk specific gravity in a saturated surface dry 
condition and absorption of fine aggregate shall be determined in accordance 
with ‘‘Method of Test for Specific Gravity and Absorption of Fine Aggregates”’ 
(ASTM C 128). 


(b) Coarse aggregate—The bulk specific gravity in a saturated surface dry 
condition and absorption of coarse aggregate shall be determined in accord- 
ance with ‘Method of Test for Specific Gravity and Absorption of Coarse 
Aggregate” (ASTM C 127). 
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306—Air content 

The air content of plastic concrete shall be determined in accordance with 
ASTM standard methods of test for air content: (1) gravimetric, C 138; 
(2) volumetric, C 173; or (3) pressure method, C 231. For concretes made 
with blast furnace slag or similar aggregates, the volumetric (rolling) method 
shall be used. 


307—Consistency 

(a) Consistency shall be determined in accordance with “Method of Slump 
Test for Consistency of Portland Cement Concrete” (ASTM C 143) or “‘Meth- 
od of Test for Ball Penetration in Fresh Portland Cement Concrete’? (ASTM 
C 360). 

(b) When the penetration method is used for field control, specified slumps 
shall be converted to equivalent penetrations by factors established in ad- 
vance during tests as a basis for design. 


CHAPTER 4—SOIL AND SUBBASE FOUNDATION PREPARATION 
401—Scope 
Specifications for the materials and construction of soil foundations for 
concrete pavements and concrete bases are given. Provision is made for the 
use of foundations stabilized by a cementing agent, but materials and con- 


struction of such foundations are not within the scope of this specification. 


402—Definitions 


The following definitions shall apply in these specifications where appli- 
cable: 

Embankment foundation —The material on which an embankment is placed. 

Embankment (fill)—A raised structure of soil, soil-aggregate, or rock. 

Subgrade—-The prepared and compacted soil below the pavement system. 


Subbase—The layer used in a pavement system between the subgrade and the base 
course.” 

Soil-aggregate base courset—The layer used in a pavement system to reinforce or protect 
the subgrade or subbase 

Concrete base course——The layer used in a pavement system to reinforce and protect the 
subgrade or subbase, and to support a wearing course of other material. 

Silt-clay (minus No. 200 material)—Fine soil particles which will pass the No. 200 sieve 
(ua) Silt fraction Material passing the No. 200 sieve and larger than 0.005 mm. 
(b) Clay fraction— Material smaller than 0.005 mm including colloids which are the 

particles of the clay fraction smaller than 0.001 mm. 


403—Soil fill material 

All material used in earth fills must meet the following specifications and 
may be rejected on visual inspection pending the testing of samples. 

(a) Fill material shall be a well-graded combination of granular material 
and silt-clay soil. The material shall have at least 60 percent retained on, 


*Concrete pavement is usually placed directly upon the subgrade or subbase and performs both the functions of a 
wearing surface and base. 

tWhen a special soil-aggregate base course separate from the subbase is specified for use under a concrete pave- 
ment, the base course material shall conform to the requirements for subbase material of “Specifications for Ma- 
terials for Soil-Aggregate Subbase, Base, and Surface Courses’ (AASHO M 147). 
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and at least 10 percent passing the No. 200 sieve. No gravel or stone shall be 
larger than one-third the depth of the layer to be placed. The soil shall have 
a liquid limit, as determined by ‘Methods of Determining the Liquid Limit 
of Soils” (AASHO T 89), not greater than 40 and a plasticity index as deter- 
mined by ‘‘Method of Calculating the Plasticity Index of Soils’’ (AASHO 
T 91) of not more than 10. The material to be used shall be free from trash, 
brick, broken concrete, tree roots, sod, ashes, or cinders. 

(b) Materials other than specified may be used if approved by the engineer 
and the required densities are attained. 

(c) Samples will be taken whenever in the opinion of the engineer the 
texture of the material appears to be changing. 

(d) Contractors desiring approval of the sources of a material shall submit 
samples at least one week in advance of the desired date of approval. Accept- 
ance of material from any location shall not be construed as approval of the 
entire location but only insofar as it continues to meet the specifications. 


404—Subbases 

(a) Material—-The subbase material shall meet the requirements as specified 
in “Specifications for Materials for Soil-Aggregate Subbase, Base and Sur- 
face Courses’ (AASHO M 147). 

(b) Gradation—The subbase material shall be well graded. Of the material 
passing the No. 10 sieve, not more than 25 percent should pass the No. 200 
sieve. Also the percentage of material passing the No. 200 sieve should not 
be greater than two-thirds the percentage passing the No. 40 sieve. 

(c) Plasticity requirements—The portion of the subbase material that passes 
the No. 40 sieve shall have a maximum liquid limit of 25 and a maximum 
plasticity index of 6. 

(d) Non-frost susceplibility—Where freezing of soil moisture under the 
pavement is probable, the subbase shall be of a non-frost susceptible material. 
Gradation requirements of non-frost susceptible materials vary from a maxi- 
mum of 8 percent finer than 0.02 mm for uniform sands to 3 percent finer than 
0.02 mm for other nonuniform granular material. 

(e) Stabilized subbases—Granular or soil materials adequately stabilized 
with a cementing agent may also be used as directed by the engineer. 
405—Compaction 

(a) Equipment—Compaction may be accomplished by means of smooth 
rollers, pneumatic tired rollers, tamping, or sheep’s-foot rollers. The equip- 


ment selected shall be capable of compacting the soils to density require- 
ments hereinafter specified. 


When compaction is to be accomplished in places inaccessible to rolling, 
adequate mechanical tampers shall be used to obtain proper density. 

(b) Procedures—Regardless of the method used, soils and rock-soil mix- 
tures shall be compacted at moisture contents near those established by com- 
paction and other laboratory tests as the optimum moisture content for the 
particular soil. A rather wide range on either side of the “optimum” moisture 
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content may be used for silty-clay soils. However, silty soils are extremely 
sensitive to changes of moisture, and must be compacted at moisture con- 
tents at or slightly below the optimum moisture content. Since most shales 
will disintegrate under freezing and thawing or wetting and drying condi- 
tions, shales must be compacted in at least a semi-disintegrated condition. 
Coarse-textured granular materials are best compacted by vibratory pro- 
cedures. The use of water during the compaction of sands will provide a 
well compacted material without a detrimental dust condition. 

(c) Consolidation of road foundation—All fills, base courses, and subbases 
shall be compacted in layers generally not greater than 9 in. loose depth. 
Each layer shall be compacted to minimum density not less than 95 percent 
expressed as a percentage of the maximum density and determined by ‘Lab- 
oratory Method of Test for the Compaction and Density of Soil’ (AASHO 
T 99). 


406—Testing and correcting the subbase 

Immediately prior to placing concrete, the subbase shall be tested for con- 
formity with the cross section shown on the plans by means of an approved 
template riding on the side forms. If necessary, material shall be removed 
or added, as required, to bring all portions of the subbase to the correct eleva- 
tion. It shall then be thoroughly compacted and again tested with the tem- 
plate. Concrete shall not be placed on any portion of the subbase which has 
not been tested for correct elevation. 


If the soil subbase is disturbed after acceptance, it shall be reshaped and 
compacted without additional compensation. Payment for compacting the 
subbase shall be included in the contract prices for subbase. 


407—Placing subgrade paper 

When specified, the subbase, after it has been shaped and compacted, shall 
be covered with subgrade paper. Adjacent strips of paper shall lap 4 in. 
and ends shall lap 12 in. After being placed on the subbase care should be 
exercised to keep the paper intact. 


408—Wetting the subbase 


Except where subgrade paper is required, the subbase shall be thoroughly 
wetted a sufficient time in advance of the placing of the concrete to insure 
that there will be no puddles or pockets of mud when the concrete is placed. 


409—Grading stakes 


Grading stakes shall be protected by the contractor. Stakes which become 
disturbed shall be reset at the contractor’s expense. 


410—Clearing right-of-way 

Where fills are less than 10 ft high, all sod, underbrush, trees, tree stumps, 
and saplings shall be grubbed and entirely removed; when fills more than 10 
{t high are to be made, the ground shall be cleared of all underbrush, and all 
trees and saplings shall be cut off not over | ft above the ground. 
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411—Solid rock 


Solid rock (boulder of 1 cu yd or more in content, or ledges in their original 
bed) shall be removed 6 in. below grade and shall be paid for at the contract 
price per cu yd of solid rock. 


412—Removal of unsuitable material 

All unsuitable material shall be removed to a depth of at least 18 in. below 
the finished surface of the subbase. The contractor will be paid for the work 
at the prices bid for grading and materials used. 


413—Excavated materials 

Material excavated in cuts may be used in fills on the job provided the 
material conforms to the specifications for fill materials contained herein. 
Excess or unsuitable material shall be disposed of by the contractor at his 
expense. 

Any excavation of approved soil below the surface of the subbase as shown 
on the plans shall be refilled with approved material compacted as provided 
herein for filling and compaction at the contractor’s expense. 


414—Borrowed material 

Borrowed material shall be secured from pits indicated on the plans. If 
no such location is indicated or the quantity of the material at the pits is 
insufficient, the contractor shall furnish material conforming to the require- 


ments of these specifications. Payment shall be made for such material at 
the price bid for borrow per cu yd. 


415—Payment for grading 

(a) The contract prices for grading shall include: the cost of excavating 
and filling; clearing and grubbing; excavating and removing unsuitable ma- 
terials as required; shaping the subgrade to the prescribed lines and grades; 
sloping cuts, intersections, and approaches; rolling or tamping below the sub- 
grade in the case of fills; and in connection with street construction, sloping 
and filling between the curb and sidewalk pavement, and grading and shaping 
of sidewalk spaces where shown on the plans. Payment shall be made at 
price bid per cu yd computed to the grades and slopes shown on the plans. 

(b) If separate subbase and/or base, if required, is built of selected ma- 
terial during the grading operations, the payment for same shall be separate. 


CHAPTER 5—FORMS 


501—Material and dimensions 

Side forms shall be made of metal having a thickness of not less than 1% in. 
and shall have a depth equal to the specified edge thickness of the concrete. 
Building up of forms shall not be permitted. Flexible or curved forms of 
proper radius shall be used for curves of 100 ft radius or less. Forms shall not 
deflect more than 44 in. when tested as a simple beam with a span of 10 ft 
and a load equal to that which the finishing machine or other construction 
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equipment will exert upon them. Forms 8 in. or more in height shall be at 
least 8 in. wide at the base; forms less than 8 in. in height shall have a base 
width at least equal to the height of the forms. The flange braces must ex- 
tend outward on the base not less than two-thirds the height of the form. 
The forms shall be free from warp, bends, or kinks. The top of the form 
shall not vary from a 10-ft straightedge by more than )% in. at any point and 
the side of the form by more than 14 in. 


502—Form support 


The soil foundation under the forms shall be compacted and cut to grade so 
that the forms, when set, shall be uniformly supported for their entire length 
and at the specified elevations. Such soil foundation found to be below estab- 
lished grade at the form line shall be filled to grade in lifts of 1% in. or less for 
18 in. on each side of the base of the form and thoroughly re-rolled or tamped. 
Imperfections and variations above grade shall be corrected by tamping or by 
cutting, as necessary. 


503—Grade alignment 

The alignment and grade elevations of the forms shall be checked and the 
necessary corrections made by the contractor immediately before placing the 
concrete. When any form has been disturbed or any subgrade thereunder 
has become unstable, the form shall be reset and rechecked. 


504—Staking forms 

Forms shall be staked with three or more pins for each 10-ft section. <A 
pin shall be placed adjacent to each side of every joint if required. Form 
sections shall be tightly joined by a locked joint free from play or movement 
in any direction. Forms shall be cleaned and oiled prior to the placing of 
concrete, 


505—Advance setting 


Forms shall be set sufficiently in advance of the point where concrete is 
being placed as to permit proper progress and inspection of the work. At least 
300 ft is desirable. 


506—Removal of forms 
Forms shall remain in place at least 12 hr after placing the concrete. If 
the air temperature is below 50 F at any time during the 12-hr period from 
the time the concrete is placed, the forms shall not be removed until 36 hr 
after placing of the concrete, unless high-early-strength concrete is being used. 
Curing of the exposed concrete shall begin immediately upon removal of 
the forms as required in Section 1101(b). 


CHAPTER 6—INSTALLATION OF JOINTS AND REINFORCEMENT 
601—General 


(a) All logitudinal and transverse joints shall conform to the details and 
positions shown on the plans. 








CONCRETE PAVEMENTS AND CONCRETE BASES 929 


(b) All transverse joints shall be constructed in line for the full width of 
the pavement. 

(c) All joints shall be constructed true to line with their faces perpendicular 
to the surface of the pavement. Joints shall not vary more than !4 in. from a 
true line or from their designated position. When plates are used, the joint 
shall be over the plate and the plate shall not vary more than !4 in. from a true 
line. 

(d) The surface of the pavement adjacent to all joints shall be finished 
to a straight line profile across all joints and shall be edged to a radius of 
14 in, or as otherwise shown on the plans. The surface across the joints shall 
be tested with a 10-ft straightedge as the joints are finished, and any irregu- 
larities in excess of 14 in. shall be corrected before the concrete has hardened. 

(e) Keyways, when required, shall be accurately formed with templates of 
metal or wood. The gage, or thickness, of the material in the template shall 
be such that the full keyway as specified is formed. 


602—Longitudinal joints 

(a) Metal keyway joints— Longitudinal ‘‘metal strip” joints shall be formed 
by installing a metal parting strip to be left in place, meeting the require- 
ments of Section 202(g). The metal strip shall be held securely in place, 
true to line and grade, by steel pins, meeting the requirements of Section 
202(g), spaced at intervals that average not less than 3 ft and in no case 
more than 4 ft. The sections shall be securely fastened by lapping and pin- 
ning, by means of a slip joint, or other approved method. The contractor 
shall furnish an approved gage to ride on the side forms for checking the 
position of the parting strip before concrete is placed against it. 


ce 


(b) Weakened plane joints—-Longitudinal “dummy groove’ or weakened 
plane joints shall be formed in the concrete by one of the following methods, 
as specified: 

1. By making a groove in the plastic concrete with a suitable tooling de- 
vice, and groove shall extend vertically downward from the surface to the re- 
quired depth. The groove when formed by this method shall be *@ in. wide 
at the surface and !4 in. wide at the bottom unless otherwise specified. 

2. By sawing a groove in the concrete to the required minimum depth, 
and with a minimum width of cut of '4 in. unless otherwise directed by the 
engineer; the required width may be secured by using two saw blades sep- 
arated by spacers of proper thickness. The timing and order of sawing shall 
be directed by the engineer. 

(c) Construction joints—Longitudinal construction joints (i.e. joints be- 
tween slabs placed separately) shall be formed by the use of standard steel 
side forms with keyway, unless otherwise indicated in the plans. Provision 
shall be made for the installation of tie bars as noted in these specifications, 
or in the plans or in the special provisions. 


(d) Tie bars—Tie bars not less than '% in. in diameter and 30 in. long, 


unless otherwise specified, shall be placed across all longitudinal joints. Tie 
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bars shall be placed at right angles to the centerline and shall be spaced at 
intervals of 30 in. unless otherwise shown on the plans. They should be held 
in a position approximately parallel to the transverse axis of the pavement 
and midway between the top and bottom surfaces of the slab. Tie bars may 
be bent at right angles against the form at longitudinal construction joints if 
permitted, unless threaded bolt or other assembled tie bars are required. 


603—Expansion joints at structures 


Iixpansion joints shall be formed about all structures and features pro- 
jecting through, into or against the pavement. Unless otherwise indicated on 
the plans, such joints shall be not less than !4 in. thick and shall be of the 
premolded type. 


604—Transverse expansion joints 


Transverse expansion joints shall be constructed at right angles to the 
centerline of the pavement, unless otherwise required, and shall extend the 
full width of the pavement. 


(a) Premolded expansion joints—Transverse premolded expansion joints 
shall be formed by securely staking an approved installing bar or installing 
device perpendicular to the proposed surface of the pavement. The installing 
bar, Section 609(b), shall be of substantial metal plate and shall have a length 
1, in. less than the required width of the slab and shall be cut to the required 
depth and crown of the slab. It shall be securely staked in position so that 
the top edge, unless otherwise provided on the plans, will be uniformly 14 in. 
below the pavement surface. The lower edge shall be cut to conform to the 
prescribed cross section of the subgrade. The installing bar shall be slotted 
from the bottom as necessary to permit the installation of the required dowels. 
Suitable means shall be provided on the bar for facilitating its removal. 
Header boards, sheet metal holders, or other devices used in lieu of the in- 
stalling bar shall be subject to approval by the engineer. The joints shall be 
protected against damage until they are installed in the work. Joints dam- 
aged during transportation, or by careless handling, or while in storage shall 
be replaced or repaired by the contractor. Repaired joints shall not be used 
until they have been approved by the engineer. 


(b) Premolded joint filler—-The designated premolded joint filler shall be 
appropriately punched to the exact diameter and at the location of the dowels. 
It shall be furnished in lengths equal to one-half the designated width of the 
slab. Where more than one section is used in a joint, they shall be securely 
placed or slipped together. The premolded joint filler shall be placed on the 
side of the installing bar nearest the mixer. The bottom edge of the filler 
shall extend downward to or slightly below the bottom of the slab, and the top 
edge, unless otherwise prescribed, shall be held about |. in. below the surface 
of the pavement in order to allow the finishing operations to proceed con- 
tinuously. The top edge of the filler shall be protected while the concrete is 
being placed, by a metal channel cap of at least 10 gage material, having 
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flanges not less than 1% in. deep. The installing device may be designed 
with this cap self-contained. 


605—Transverse contraction joints 


(a) Metal strip type—Transverse “metal strip’? contraction joints shall 
be formed during the placing of the concrete by installing a metal parting strip 
to be left in place. This strip shall conform to the requirements for type, 
gage, shape, and dimensions shown on the plans or indicated in the special 
provisions and shall be securely staked in place. This strip shall be tem- 
porarily capped with a metal channel cap. The dowel assembly, Section 608, 
and the method of placing it shall be as indicated for transverse expansion 
joints, except that sleeves or caps on dowels will not be required. Concrete 
shall be deposited as for transverse expansion joints. After the longitudinal 
floating has been completed but before the surface is finished, the metal cap 
shall be removed and the concrete edged, and the joint sealed as required 
for expansion joints. 

(b) Weakened plane joints—Transverse “dummy groove’ or weakened 
plane joints shall be constructed in the same manner as provided for weak- 
ened plane joints for longitudinal joints, Section 602(b), except that such 
joints shall be provided with slip dowels or other load transfer devices of the 
type, size, and arrangement shown on the plans. The spacing and depth 
shall be as indicated on the plans. 


606—Weakened plane warping joints 

Weakened plane warping joints, when specified, shall be constructed in 
the locations shown on the plans and in the same manner as the weakened 
plane contraction joints except that the load transfer devices shall be omitted 
and the pavement reinforcing shall extend through the joint. 


607—Transverse construction joints 

Unless other prescribed joints occur at the same points, transverse con- 
struction joints shall be made at the end of each day’s run or where inter- 
ruption of more than 30 min occurs in the concreting operations. 

Transverse construction joints shall be formed by staking in place a bulk- 
head of timber approximately 4 in. wide and of the same depth as the thick- 
ness of the concrete pavement slab to be laid. 

Transverse construction joints shall not be formed so as to make a slab 
less than 10 ft in length, and if sufficient concrete is not mixed to form a 
slab at least 10 ft in length, the joints shall be formed at the preceeding joint 
location and the excess concrete disposed of as directed by the engineer. 

The spacing of subsequent transverse joints shall be measured from the 
transverse construction joint last placed. 


608—Load transfer devices 


(a) Dowel bars—Dowel bars at least *4 in. in diameter, 16 in. long and 
spaced at 12 in. center-to-center, or other approved type of load transfer 
device, shall be placed across all transverse joints, except warping joints and 
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joints in base, in the manner shown on the plans. Dowels shall be placed at 
the middle of the slab depth and held rigidly in proper horizontal and vertical 
alignment by an approved dowel assembly device [Section 604(a)] to be left 
permanently in place. A tolerance of not more than / in. in 12 in. from 
correct alignment, either vertical or horizontal, will be permitted. 

(b) Dowel coating—The free or unbonded end of each dowel shall be painted 
over one-half its length with one coat of lead or asphaltic paint. When the 
paint has dried, the free end of each bar shall be thoroughly coated with a 
thin brush coat of MC-2 immediately before it is placed in position. The free 
ends of the dowel bars for expansion joints shall be provided with a metal 
dowel sleeve conforming to the dimensions shown on the plans, or as approved 
by the engineer. 
609—AInstallation of joints 

(a) If the paving mixer is operated from the shoulder, the joints shall be 
set immediately after the final testing of the subgrade. If the paving mixer 
is operated from the subgrade, the joints shall be set immediately after it 
moves forward, so as to permit as much time as possible for proper installation. 


(b) The assembled joint shall be put in place on the prepared subgrade. 
Transverse joint assemblies shall be placed at right angles to the center line 
of the pavement. The top of the joint assembly shall be set at the proper 
distance below the pavement surface and the elevation checked by a properly 


designed template. On widened curves, the longitudinal center joint shall be 
so placed that it will be, as nearly as practicable, equidistant from the edges 
of the slab. The joint shall be set to the required line and grade and shall 
be securely held in the required position by stakes or an approved installing 
device [Section 604(a)] or both during the placing and finishing of the concrete. 
Joints shall be installed so that the concrete pressure will not disturb their 
alignment. The joints shall be vertical and no joint shall deviate more than 
', in. in horizontal alignment either way from a straight line. If joints are 
constructed in sections, there shall be no offsets between adjacent units. 
Dowel bars shall be checked for exact position and alignment as soon as the 
joint is staked in place on the subgrade, and the joint shall be tested to de- 
termine whether it is firmly supported. Any joint not firmly supported shall 
be reset. 
610—Joint sealing 

(a) The top of expansion joints and all edged joints shall be sealed with the 
specified sealing material before traffic is permitted on the pavement. The 
joint opening shall be thoroughly cleaned of all foreign matter before the 
sealing material is placed. All contact faces of the joint shall be cleaned 
with a wire brush to remove loose material, and shall be surface dried when 
hot-poured sealing material is used. 

(b) The sealing material shall be poured or placed into the joint opening 
to conform to the details shown on the plans or as directed by the engineer. 
The pouring shall be done in such a manner that the material will not be 
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spilled on the exposed surfaces of the concrete. Any excess material on the 
surface of the conerete pavement shall be removed immediately and the 
pavement surface cleaned. 

(c) When required to prevent tackiness or pickup under traffic, the ex- 
posed surfaces of the sealer shall be dusted with an approved material. Other 
methods of preventing pickup under traffic may be used when approved 
by the engineer. 

(d) Poured joint sealing materials shall not be placed when the air tem- 
perature in the shade is less than 50 F except by the approval of the engineer. 


611—Placing reinforcement 

(a) Steel reinforcement shall consist of welded fabric or bar mats in accord- 
ance with Section 202(h) of these specifications. Reinforcing steel shall be 
free from dirt, scale, or other foreign matter, and rust of such degree of de- 
velopment as to impair bond of the steel with the concrete. The width of 
fabric sheets or bar mats shall be such that, when properly placed in the work, 
the extreme longitudinal members of the sheet or mat will be located not 


less than 3 in. nor more than 6 in. from the edges of the slab. Except for 


warping joints, the length of fabric sheets or bar mats shall be such that, when 
properly placed in the work, the reinforcement will clear all transverse joints 
by not less than 2 in. nor more than 4 in. as measured from the center of the 
joint to the tip ends of the longitudinal members of the sheet or mat. 

(b) When bar assemblies are shown on the plans, the reinforcing bars 
shall be firmly fastened together at all intersections. Adjacent ends shall 
lap not less than 20 diameters. 

(c) Where bars are fabricated into mat form by positive welding at all 
intersections, the lap may be of such length as will permit cross bars to over- 
lap each other by at least 2 in. The same requirements apply to end laps and 
side laps. 

(d) Steel fabric sheets shall be lapped a distance at least equal to the 
spacing between wires. 

(e) Reinforced concrete shall be placed in two operations. The initial 
layer shall be uniformly struck off at a depth not less than 2 in. nor more 
than one-third the total depth of slab below the proposed surface of the pave- 
ment, and the reinforcement placed thereon. The concrete shall be struck 
off to the entire width of the pour and a sufficient length to permit the sheet 
or mat of reinforcement to be laid full length on the concrete in its final posi- 
tion without further manipulation of the reinforcement. The balance of the re- 
quired concrete shall be placed on the reinforcement. Displacement of the 
reinforcement during concrete operations shall be prevented. 


CHAPTER 7—CONCRETE PROPERTIES AND PROPORTIONS OF MATERIALS 
701—Basis of proportions 


The proportions of water, cement, and aggregates shall be in accordance 
with proportions based on design for strength (Section 703) or in accordance 
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with proportions based on uniform cement factor (Section 704) as specified 
in the special provisions. 


702—Air content 


When concrete is made with an air-entraining cement or air-entraining 
admixture, the percentage of air shall be maintained between 4 and 7 percent 
as determined by methods stated under Section 306 of these specifications. 
Where frost action is not a factor and the entrained air is used for the purpose 
of improving the properties of the fresh concrete, these limits may be reduced 
to 2 and 5 percent. 


703—Proportions based on design for minimum strength 


(a) Proportions—The proportions of cement, fine aggregate, coarse aggre- 


gate, and water to be used in the mix shall be determined by the engineer, 
within the limits of Sections 703(b), 703(c), and 703(d), by laboratory tests 
of the flexural strength of concrete made with aggregates from the same 
sources and of the same gradings as will be employed in the work and that 
portland cement which is found to produce the lowest strength concrete of 
any acceptable cement which will be used in the work. 

(b) Consistency—The mixture determined upon shall produce workable 
concrete having a slump of 1/4 to 3 in. for unvibrated concrete, or '5 to 114 
in. for vibrated concrete. 

(c) Strength 

1. The average compressive strength, for use with the allowable stresses 
for design of dowels and tie bars as recommended in ‘Proposed Recom- 
mended Practice for Design of Concrete Pavements’ (ACI 325), shall be 
not less than 4000 psi at 28 days, when specimens are molded and tested in 
accordance with Section 304. 

2. The average flexural strength of concrete as determined by the lab- 
oratory test specified in Section 302 should be not less than 650 psi at 28 days. 
If known characteristics of the available cements and aggregates or pre- 
liminary tests in accordance with Section 302 indicate difficulty in attaining 
this strength economically, an average flexural strength of 600 psi may be 
specified provided the slab thickness is designed accordingly. In the case of 
the 650 psi strength the adequacy of the laboratory design is confirmed if at 
least 80 percent of all flexural strength test results of specimens molded in 
accordance with Section 303(a) and cured in accordance with Sections 7(a) 
and (b) of ASTM C 31 referred to therein, shall be equal to or greater than 
600 psi and the average of any four consecutive tests shall be equal to or 
greater than 600 psi. In the case of the 600 psi strength the adequacy of 
the laboratory design is confirmed if 80 percent of all flexural strength test 
results of specimens molded in accordance with Section 303(a) and cured in 
accordance with Sections 7(a) and (b) of ASTM C31 referred to therein, 
shall be equal to or greater than 550 psi, and the average of any four con- 
secutive tests shall be equal to or greater than 550 psi. 
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4. The strengths at 7 and 28 days shall be established with four cement 
factors prior to starting the work. These will serve as a basis for adjusting 


the mix when this need is indicated by 7-day tests, made during the progress 
IR 


of the work on job-made, laboratory-cured specimens, later checked by 
day tests on specimens similarly made and cured. 

(d) Durability requirements—In localities where the concrete will be sub- 
jected to severe freezing and thawing conditions, air-entrained concrete 
shall be used, and the resulting proportions shall be such that the mixing 
water, including free surface moisture on the aggregates but exclusive of 
moisture absorbed by the aggregates, shall not exceed 6 gal. per sack of cement 


In no case shall the mixing water exceed 615 gal. per sack of cement for any 


individual batch. The cement content shall be not less than 5 sacks per eu yd. 

(e) Information for bidders—Unless otherwise specified in the special pro- 
visions the following requirements shall govern the contractual relations 
concerning proportions based on design for minimum strength: 

1. Upon request, the engineer will furnish prospective bidders with infor- 
mation as to the proportions by weight required for aggregates from estab- 
lished sources available for use on the project. This information will also 
include the grading of the aggregates used in determining these proportions. 

2. Promptly after receipt of notice of award of the contract, the contractor 
shall furnish the engineer with the location or locations of the source or sources 
of aggregates which he proposes to use. The proportions will be designated 
by the engineer. Except as hereinafter provided, the designated propor- 
tions shall govern as long as materials are furnished from the sources desig- 
nated and as long as they continue to meet the requirements specified. 

3. If, during the progress of the work, the contractor proposes to use aggre- 
gates from approved sources other than those originally designated, the 
engineer will designate the new proportions to be used. 

1. If satisfactory plasticity and workability are not secured using the 
proportions and aggregates originally designated, the engineer may alter 
such proportions. If such alterations change the designated cement factor 
originally fixed by 2 percent or less, no adjustment in the amount paid the 
contractor shall be made. If such alterations change the designated cement 
factor by more than 2 percent, the source and quality of the aggregates re- 
maining the same, payment shall be adjusted for or against the contractor 
in whatever amount the total cost of materials, f.o.b. contractor’s material 
yard, has been increased or decreased by more than 2 percent. The calculation 
of the amount of such increase or decrease shall be based upon the designated 
cement factor and not on count of bags of cement used or of the batches where 
bulk cement is used 


704—Proportions based on fixed cement content 

When the concrete having a fixed cement content is specified, the quan 
tities shall be those given in Table 704 properly adjusted to compensate 
for differences in specific gravities. Upon approval by the engineer, these 
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TABLE 704—SUGGESTED TRIAL PROPORTIONS FOR CONCRETE OF SPECIFIED 
CEMENT ‘CONTENT AND SLUMP* 


Mixture proportions per 94-lb bag of cementt 
Aggreuates, lb 
Type of concretet Type of coarse aggregate 
Coarse** 
Fine§ 

Small Large 
Plain Round gravel 185 f 200 
Plain Crushed gravel or stone §.! 200 af 200 
Plain Crushed slag 220 fi 155 
Air-entrained Round gravel 5 160 5 220 
Air-entrained Crushed gravel or stone 5 180 f 200 
Air-entrained Crushed slag 5! 195 t 155 


*Proportions intended to produce concrete containing 6.0 bags of cement per cu yd with slump of 1% to 3 in 
suitable for normal machine placement. When vibration is used, slump may be reduced to about 4% to 1% in. and 
bateh quantities adjusted accordingly to maintain same yield and « sment factor. 

tAir content assumed to be 1 percent for plain mixes and 5.5 percent for air-entrained mixes 

tAguregate weights based on assumed bulk specific gravity, saturated-surface-dry, of 2.65 for sand, gravel, and 
stone and 2,25 for slag. For other specific gravities, aggregate weights should be adjusted in direct proportion to 
the specific gravity. Aggregate weights and quantity of added mixing water must be adjusted to allow for free 
moisture on aggregates. 

§F ine aggregate assumed to be well graded natural sand of average fineness (fineness modulus about 2.6 to 2.9) 

**Coarse aggregates assumed to be well-graded from 14% in. to No. 4 or 2 in. to No. 4, furnished in two sizes 
separated on the %-in. or |-in. sieve, respectively, and used in the proportion of approximately 40 pereent of the 
small and 60 percent of the large size 


compensated quantities of materials shall be further adjusted by the engi- 
neer at any time to attain the desired degree of workability, the specified 
slump, and the specified cement content. Batch weights thus determined, 
shall be corrected to take into account the moisture condition of the aggre- 
gates as used. 


CHAPTER 8—HIGH-EARLY-STRENGTH CONCRETE 


801—Methods of production 

High-early-strength concrete shall be produced by one of the following 
methods, or any combination thereof, as specified in the special provisions. 

(a) By the use of high-early-strength portland cement Type III or TILA 
in lieu of normal portland cement (Type I or LA, or Type II or ILA). 

(b) By the use of additional portland cement (Type I or LA, or Type II 
or ITA) in which case the total amount of cement shall not exceed & bags of 
cement per cu yd of concrete. 

(c) By the use of calcium chloride as one of the ingredients of the concrete 
in an amount between 1 and 2 lb of calcium chloride per bag of cement. Cal- 
cium chloride shall be added in solution. It is convenient to so proportion 


the solution that 1 qt contains 1 lb of calcium chloride. 


802—Requirements 
High-early-strength concrete shall meet all the requirements of the speci- 
fications for portland cement concrete. 


CHAPTER 9—MIXING 
901—Measurement and handling of materials 
(a) Standard size sacks of cement as packed by the manufacturer shall be 
considered to weigh 94 lb net. Either package or bulk cement may be used 
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but not both. Bulk cement and cement from fractional sacks shall be weighed. 
Cement shall be protected from the weather and against loss in handling or 
in transit. 

(b) When package cement is used, the cement shall be emptied from the 
sacks into the batch immediately prior to mixing. When bulk cement is 


used, satisfactory methods of handling and weighing shall be employed. A 


separate hopper, so designed and operated that the quantity of cement for 
each batch will be maintained in a separate container and not come in direct 
contact with the aggregates, shall be used. 

(c) Aggregates shall be weighed. 

(d) The seales for weighing cement and aggregates shall be accurate with- 
in 4 of | percent throughout the range of use. Operation shall be within a 
maximum allowable error of 1 percent for cement and 2 percent for aggre- 
gates. 

(e) Mixing water may be measured by weight or by volume. The water- 
measuring device shall be such that the operation shall be accurate to within 
| percent. When wash water is used as a portion of the mixing water for 
succeeding batches, it shall be measured according to this requirement. 
902—Mixing at site 

(a) The concrete shall be mixed in a batch mixer. When a drum mixer 
is used, it shall conform to the requirements of the concrete mixer standards 
of the Mixer Manufacturer’s Bureau of the Associated General Contractors 
of America. If another type of mixer is used, it shall be of a type meeting 
the approval of the engineer. The mixer shall be capable of combining the 
aggregates, cement, and water into a thoroughly mixed and uniform mass 
within the specified time, and of discharging the mixture without segregation. 
Kach batch of concrete shall be mixed for | min or more after all materials 
exclusive of the mixing water, are in the mixer drum. The batch shall be so 
charged into the mixer that some water will enter in advance of the cement 
and aggregate, and will continue to flow for a period which may extend to 
the end of the first one-third of the specified mixing time. The mixer shall 
rotate at the rate recommended by its manufacturer. Concrete shall be 
mixed only in quantities required for current use; any concrete which has set 
so that it cannot be properly placed shall not be used. Retempering of con- 
crete which has partially set, by mixing with additional water, will not be 
permitted, 

(b) The mixer shall be equipped with a suitable charging hopper, water 
storage, and a water-measuring device. Controls shall be so arranged that 
the water can be started only while the mixer is being charged and so as to 
lock automatically the discharge lever until the batch has been mixed the 
required time after all materials are in the mixer. The entire contents of the 
drum shall be discharged after each batch has been mixed the required time. 
Suitable equipment for discharging and spreading the concrete on the sub- 
grade shall be provided. The mixer shall be cleaned at suitable intervals. 
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The pick-up and throw-over blades in the drum shall be replaced when they 
have lost 10 percent of their depth. The volume of the mixed material per 
batch shall not exceed the manufacturer’s rated capacity of the mixer. The 
manufacturer shall install a plate upon the mixer stating the rated capacity 
and the recommended revolutions per minute. 


903—Ready-mixed concrete 

Ready-mixed concrete shall be mixed and transported in accordance with 
the “Specifications for Ready-Mixed Concrete’”’ (ASTM C 94). When ready- 
mixed concrete is used in the construction of portland cement concrete pave- 
ments, a suitable spreader shall be provided. 


CHAPTER 10—PLACING AND FINISHING CONCRETE 
100 1—General 

(a) Concrete shall be distributed to such depth, above grade, that when 
consolidated and finished, the specified slab thickness will be obtained. 

(b) The conerete shall be deposited on the subgrade in such a manner as 
to require as little rehandling as possible, preferably by a mechanical spreader. 
It shall be thoroughly consolidated against and along the faces of all forms 
with a vibrator inserted in the concrete. Necessary hand spreading shall be 
done with shovels, not with rakes. Workmen shall not be allowed to walk 
in the concrete with boots or shoes covered with earth or other foreign sub- 
stances. 

(c) Concrete shall be placed only on subgrade which has been prepared as 
specified and approved. At all times during operations, adequate subgrade 
shall have been prepared ahead of the mixer; at least 300 ft is desirable. 
Concrete shall not be placed on a frozen subgrade. No concrete shall be 
placed around manholes or other structures until they have been brought 
to the required grade and alignment. 

(d) Pavement 30 ft or less in width may be constructed either to its full 
width in a single construction operation or in lanes, unless one or the other 
method is expressly stipulated on the plans. Pavement more than 30 ft 


in width shall not be constructed in a single operation. When pavement is 


constructed in separate lanes, the longitudinal construction joints shall not 
deviate from the true line shown on the plans by more than / in. at any 
point, 

(e) Retempering concrete by adding water will not be permitted. 

(f) If ready-mixed concrete is used a suitable spreader shall be provided. 

(g) When natural light is insufficient for proper work, adequate artificial 
lighting shall be provided. 
1002—Placing and finishing concrete at joints 

(a) Concrete shall be deposited on the subgrade as near to the expansion 
and contraction joints as possible without disturbing them. It shall then be 


shoveled against both sides of the joint simultaneously, maintaining equal 
pressure on both sides. It shall be deposited to a height of approximately 2 
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in. more than the depth of the joint, care being taken that it is worked under 
the load transfer devices. The conerete shall not be dumped from the dis- 
charge bucket of the mixer directly on top of the load transfer devices. In 
placing the concrete against expansion and contraction joints and in operating 
a vibrator adjacent to them, workmen shall avoid stepping upon or disturbing 
in any way the joints or load transfer devices, either before or after they are 
covered with concrete. 

(b) The concrete adjacent to the joints shall be compacted with a vibrator 
inserted in the concrete. The vibrator shall be worked along the entire 
length and on both sides of the joint. The vibrator shall not come in con- 
tact with the joint, the load transfer devices, the forms, or the subgrade. If 
any of the dowel bars are displaced, they shall be realigned before the finish- 
ing machine passes over them. 

(c) After the concrete has been vibrated, the finishing machine, as specified 
in Section 1003, shall be moved forward until the front screed is approxi- 
mately 8 in from the joint. Segregated coarse aggregate shall be removed 
from both sides of and off the joint. The screed shall be lifted and brought 
directly above the joint, set upon it, and the forward motion of the finishing 
machine shall be resumed. When the second screed is close enough to permit 
the excess mortar in front of it to flow over the joint, it shall be lifted and 
carried over the joint. Thereafter, the finishing machine may be run over the 
joint without lifting the screeds, provided there is no segregated coarse aggre- 
gate immediately between the joint and the screed or on top of the joint. 

(d) After the concrete has been placed on both sides of the joint and struck 
off, the installing bar or channel cap shall be slowly and carefully withdrawn. 
After the installing bar or channel cap is completely withdrawn, the concrete 
shall be carefully spaded and additional freshly mixed concrete worked into 
any depressions left by the removal of the installing bar. The installing bar 
shall be cleaned and reoiled prior to reuse. 

Immediately after all finishing operations have been completed and before 
the concrete has taken its initial set, it shall be edged adjacent to all expansion 
and contraction joints. Care shall be used to remove any concrete which 
may be over the premolded joint material. The edging tool shall be so ma- 
nipulated that a well-defined, continuous radius is produced and a smooth, 
dense mortar finish obtained. 

After the removal of the side forms, the ends of premolded transverse 
joints at the edges of the pavement shall be carefully opened for the entire 
depth of the slab, and any concrete that has been deposited over the end 
closure shall be removed, care being taken not to injure the ends of the joint. 
After the curing period and before the pavement is opened to traffic, all 
joints shall be sealed, leaving a nearly uniform strip of an approved sealer 
material. 


1003—Finishing methods 
(a) Machine finishing—The concrete as soon as placed shall be struck 
off and screeded by an approved finishing machine to the crown and cross 
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section shown on the plans and to an elevation slightly above grade so that 
when properly consolidated and finished the surface of the pavement will be 
at the exact grade elevation indicated on the plans and free from porous places. 
The finishing machine shall be of the screeding and troweling type, equipped 
with two independently operated screeds, designed and operated to strike off 
the concrete. The machine shall go over each area of pavement as many times 
and at such intervals as is necessary to give the proper compaction and to 
leave a surface of uniform texture, true to grade and crown. Excessive opera- 
tion over a given area shall be avoided. The tops of the forms shall be kept 
clean by an effective device attached to the machine, and the travel of the 
machine on the forms shall be maintained true without lift, wobbling, or other 
variation tending to affect the precision finish. The finishing machine shall 
be of ample strength to withstand severe use and shall be fully and accurately 
adjustable for loss of crown or other derangement due to wear. 


During the first pass of the finishing machine a uniform ridge of concrete 
shall be maintained ahead of the front screed for its entire length. Except 
when making a construction joint, the finishing machine shall not be op- 
erated beyond that point where the above described surplus can be main- 
tained ahead of the front screed. 


(b) Vibrated finishing—When vibrated finishing is required, the finishing 
machine shall be equipped for applying high frequency vibration to the upper 
surface of the concrete. The vibratory units shall be synchronized and shall 
operate at a frequency of not less than 3500 cycles per min. 


(c) Floating—After the concrete has been struck off and consolidated, it 
shall be further smoothed and consolidated by means of a longitudinal float 
of a suitable design approved by the engineer. Care should be exercised 
to start the floating operation at the proper time. In this operation, the 
longitudinal float shall be worked with a reciprocating motion, while held 
in a floating position parallel to the road center line and passed gradually 
from one side of the pavement to the other. Movements ahead along the 
center line of the road shall be in successive advances of not more than one- 
half the length of the float. 


(d) Straightedging—After the longitudinal floating has been completed 


and the excess water removed, but while the concrete is still plastic, the con- 
tractor shall test the slab surface for trueness with a 10-ft straightedge. The 
straightedge shall be held in successive positions parallel to the road center 
line in contact with the surface and the whole area gone over from one side 
of the slab to the other. Advance along the road shall be in successive stages 
of not more than one-half length of the straightedge. Any depressions found 
shall be filled immediately with freshly mixed concrete, struck off, consolidated 
and refinished. High areas shall be cut down and refinished. The straight- 
edge testing and refloating shall continue until the entire surface is found to 
be free from observable departures from the straightedge and the slab has 
the required grade and crown, 
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(e) Belting—-After straightedging when most of the water sheen has dis- 
appeared and just before the concrete becomes non-plastic, the surface shall 
be belted with a two-ply canvas belt not less than 8 in. wide and at least 3 
ft longer than the width of the slab. Hand belts shall have suitable handles 
to permit controlled uniform manipulation. The belt shall be operated with 
short strokes transverse to the road center line and with a rapid advance 
parallel to the center line. 

(f{) Brooming or burlap drag—After belting and as soon as surplus water 
has risen to the surface, the pavement shall be given a broom or burlap drag 
finish as directed. 

If a broom finish is given, it shall be accomplished with an approved steel 
or fiber broom, not less than 18 in. wide. The broom shall be pulled gently 
over the surface of the pavement from edge to edge. Adjacent strokes shall 
be slightly overlapped. Brooming shall be perpendicular to the center line 
of the pavement and so executed that the corrugations thus produced will 
be uniform in character and width, and not more than 'g in. deep. The 
broomed surface shall be free from porous spots, irregularities, depressions, 
and small pockets or rough spots such as may be caused by accidentally dis- 
turbing particles of coarse aggregate, embedded near the surface. Brooming 
will not be required for concrete bases. 

If a burlap drag finish is given, a burlap belt shall be dragged in the longi- 
tudinal direction in one continuous motion. The use of a burlap belt which 
produces corrugations more than / in. deep will not be permitted. The 
burlap shall be cleaned by washing or rinsing as often as necessary to pre- 
vent hardened concrete from accumulating therein and consequent scarring 
of the pavement surface. 

(g) Edging—After final finishing of the concrete has been completed, 
but before the concrete has taken its initial set, the edges of the slab shall 
be carefully finished with an edger of the specified radius. 

(h) Final surface test—The contractor will be held responsible for the 
correct alignment, grade, and contour specified. Any areas higher than 
l4 in. for concrete pavements and higher than !'4 in. for concrete bases but 
not higher than 3% in. above the correct surface as shown by the 10-ft straight- 
edge, shall be ground to the required surface by the contractor at his own 
expense. When deviation exceeds the foregoing limits, the pavement slab 


shall be removed and replaced by the contractor at his own expense, as di- 


rected by the engineer. 


CHAPTER 11—CURING AND PROTECTION OF CONCRETE 
1101—Curing 
(a) Preliminary curing pertod—The concrete shall be covered with two 
thicknesses of damp burlap, cotton mats or other approved material of highly 
absorptive quality, as soon as possible without damaging the finish. The 
material shall be kept damp by spraying and shall remain in place for at least 
12 hr. 
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(b) Final curing—For completion of the curing the mats used for the pre- 
liminary curing period may be left in place and kept saturated for 72 hr, 
or may be removed at the end of the preliminary curing period and the con- 
crete surface covered with paper, impermeable sheets, or liquid membrane- 
forming curing compound meeting the requirements of these specifications. 

(c) Other methods—Other methods of curing may be used if approved 
by the engineer. 


CHAPTER 12—CONCRETE BASES 
1201—Transverse weakened plane joints—concrete base 


Concrete bases shall be provided with expansion and/or contraction joints, 


and shall be constructed in accordance with provisions of these specifications 


for constructing similar joints in concrete surface courses. 


Note: For concrete bases it is especially important to reduce the interval between 
joints by means of closely spaced contraction joints so as to control the amount of joint 
opening (which may extend through the surface course) due to shrinkage and contrac- 
tion. Experience indicates that the best results are obtained when the spacing of such 
joints does not exceed 20 ft; preferably the spacing should not exceed 15 ft. Load 
transfer devices are not required in concrete base construction. 


CHAPTER 13—COLD AND HOT WEATHER CONCRETING 
1301—Cold weather concreting 

(a) Except by specific written authorization, concrete placing shall cease 
when the descending air temperature in the shade and away from artificial heat 
falls below 40 F. It shall not be resumed until the ascending air temperature 
in the shade and away from artificial heat rises to 40 F. 

(b) When concreting is permitted during cold weather the temperature of 
the mix shall be not less than 60 F nor more than 80 F at the time of placing 
in the forms.* The aggregates or water or both may be heated. The aggre- 
gates may be heated by steam or dry heat prior to being placed in the mixer. 
The water shall not be hotter than 175 F; aggregates shall not be used which 
are hotter than 150 F. 

(c) When conerete is being placed during cold weather and the air tempera- 
tures may be expected to drop below 35 F, a supply of straw, hay, grass, or 
other suitable blanketing material shall be provided along the line of the 
work. At any other time when the air temperature may be expected to reach 
the freezing point during the day or night, the material so provided shall be 
spread over the concrete to a sufficient depth to allow curing of the concrete. 
Such protection shall be maintained for at least 5 days. If required by the 
engineer, concrete less than 24 hr old shall also be covered by approved canvas 
or similar enclosures and devices capable of maintaining the temperature 
within the concrete at 50 F or higher. Concrete injured by frost action shall 
be removed and replaced at the contractor’s expense. 

*See Table 1, “Recommended Practice for Winter Concreting (ACI 604-56),"’ for recommended concrete tem- 
peratures. 


tSee Tables 2b and 2c, “Recommended Practice for Winter Concreting (ACI 604-56)" for insulation require- 
ments for concrete slabs on ground 
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1302—Hot weather concreting * 
(a) Except by written authorization, concrete placing shall cease if the 
temperature of the plastic concrete cannot be maintained at 90 F or lower. 
(b) To facilitate the placement of concrete in hot weather, the aggregates 
or water or both may be cooled. Crushed ice is acceptable for cooling water. 
Spraying aggregates will result in cooling due to evaporation. ‘The tempera- 
ture of cement at time of batching should not exceed 160 F. 


CHAPTER 14—MISCELLANEOUS 


1401—Pavement thickness 

(a) The thickness of the pavement shall be determined by measuring the 
lengths of drilled concrete cores according to the “Method of Measuring 
Length of Drilled Concrete Cores” (ASTM C 174). At such points as the 
engineer may select, each 1000 linear ft of pavement, two or more cores shall 
be taken and measured. The average thickness of each mile of slab, or frac 
tional mile, will be determined from these measurements. 

(b) Pavement of which the average thickness is not more than 'g in. less 
than the thickness required by the typical cross section shown on the plans, 
will be accepted and paid for at the contract price. 

(c) The unit price for pavement, the average thickness of which is less 
than the thickness shown on the plans by more than !4 in. but less than 'o in. 
shall be adjusted. This price shall bear the same ratio to the contract unit 
price as the square of the average thickness of the slab bears to the square 
of the thickness specified on the plans. 

(d) Payment will not be made for pavement which is found deficient in 
thickness by /4 in. or more. Such pavement shall be removed and replaced by 
the contractor with pavement of the specified thickness at his expense. When 
the measurement of any core indicates that the slab is deficient in thickness 
by 14 in. or more, determination shall be made of the thickness of transverse 
sections of the slab at 25-ft intervals set off along the center line of the road 
in each direction from the affected location until a transverse section of the 


slab is found which is not deficient in thickness by as much as !» in. The 


area of pavement for which no payment will be made shall be the product of 
the width of pavement multiplied by the distance along the center line of the 
road between the transverse sections found not deficient in thickness by as 
much as 14 in. If the contractor is not satisfied, he may request additional 
cores and measurements. Such measurement shall be made at intervals or not 
less than 200 ft. The cost of additional cores and measurements shall be 
deducted from any sums due the contractor unless the measurements indicate 
that the slab within the area in question is of specified thickness. 

(e) No additional payment over the unit contract price bid will be made 
for pavement found to be thicker than the specified amount 


*Special precautions as directed by the engineer shall be required for all high-early-strength concrete placed 
during hot weather. 
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1402—Protection of finished pavement 

(a) The contractor shall erect and maintain suitable barricades and, when 
required in the special provisions, shall employ watchmen to exclude traffic 
from the newly constructed pavement until open for use. These barriers 
shall be so arranged as not to interfere with public traffic on any lane intended 
to be kept open, and necessary signs and lights shall be maintained by the 
contractor clearly indicating any lanes open to the public. Where, as shown 
on the plans or indicated in the special provisions, it is necessary to provide 
for traffic across the pavement, the contractor shall at his own expense, con- 
struct suitable and substantial crossings to bridge over the concrete. 

(b) Any part of the pavement damaged by traffic or other causes prior to 
its final acceptance shall be repaired or replaced by and at the expense of the 
contractor in a manner satisfactory to the engineer. The contractor shall pro- 
tect the pavement against both public traffic and traffic of his employees and 
agents. 


1403—Public use of thoroughfare 

(a) Normal, unimpeded use of the thoroughfare of which the proposed 
pavement is to be a unit, is of value to the public. It is, therefore, mutually 
understood, that for the sections of the thoroughfare identified on the plans 
as requiring special traffic handling and for the distances stated thereon, sur- 
faced road lanes as indicated shall be made available by the contractor for 
unimpeded public traffic at all times, and maintained in proper condition 
throughout the construction period. These lanes shall be of the clear widths 
stated on the plans, and shall be kept entirely free from encroachment by 
equipment of the contractor, by workmen or employees of the contractor or 
by storage or transportation of materials intended for the work. 

(b) The scheme and sequence of construction of the several lanes, slabs 
and sections of pavement, including the sequence of the shifting of public 
lanes during progress of construction, shall be as given on the plans or as 
described in the special provisions. 

(c) Where the edge of any stipulated public traffic lane is contiguous to 
an edge of the slab or lane being placed, the contractor shall provide, erect, 
and subsequently remove, a substantial temporary guard fence, as shown on the 
plans along the prescribed dividing line, which shall be maintained there until 
the slab is opened to traffic. The contractor’s plan of operation shall be such 
as to obviate any need for encroachment on the public traffic lane or lanes. 
Where so shown on the plans, special lanes for the contractor’s trucks and 
similar vehicles shall be provided, separate from and not interfering with the 
prescribed traffic Janes. Where the clearance between public traffic lanes and 
the contractor’s operating equipment is restricted, special delivering equip- 
ment may be necessary, designed to deliver and depart within the width of the 
slab actually being placed without encroaching any public lane. 

(d) Except where a special bid price for “traffic handling’ is required 
in the proposal and in the special provisions, all cost of handling and pro- 





CONCRETE PAVEMENTS AND CONCRETE BASES 945 


tecting traffic, of special equipment, of temporary road surfacing and its 
maintenance, of temporary guard fences and of other things to be provided 
or to be done under this paragraph, shall be at the expense of the contractor. 
1404—Opening to traffic 

(a) Traffic will ordinarily be excluded from the newly constructed pavement 
for 7 days after the concrete is placed and may be excluded for a longer period 
if flexural tests indicate its advisability. Job-cured flexural test specimens, 
prepared at regular intervals from the concrete as it comes from the mixer 
may be employed as a means of determining the time of opening the pave- 
ment to traffic. These beams shall be made and tested in accordance with 
Section 303. When tests of these specimens indicate that the corresponding 
pavement has attained a modulus of rupture of at least 500 psi, the pave- 
ment shall be cleaned, the joints filled and trimmed, and the pavement opened 
to traffic. The joint or line of separation between adjacent strips or slabs of 
concrete, when the pavement is constructed in strips or slabs, shall be cleaned 
and filled with an approved sealing material. 

(b) Until the pavement is opened to public traffic as provided above, con- 
struction equipment shall not be permitted on the new pavement unless special 


precautions are taken to protect the pavement. Such use and precautions 


shall be subject to the approval of the engineer. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1957, for publication in the Part 2, December 1957 Journat. 








Title No. 53-53 


Tests of a New Method for Evaluating Volume 
Changes of Concrete Masonry Units* 


By M. W. FERGUSONT, G. L. KALOUSEK$, and C. W. SMITH§ 


SYNOPSIS 


A suggested procedure developed by ACI Committee 716 for the accelerated 
testing of autoclaved concrete block for volume change (by drying previously 
saturated block at 225 F) has certain limitations if used for testing block cured 
by different methods. Reversing the procedure of the suggested method, first 
drying and then saturating the block, yielded results which appeared to cut 
total time of test nearly 1 day. Autoclaved block re-expanded to equilibrium 
length in about 4 hr of immersion, whereas the low-pressure steam-cured units 
continue to expand, often for prolonged periods of time. The new method, 
therefore, also appears promising for differentiating between block cured by 
different methods. 


INTRODUCTION 


An observed difficulty of concrete block walls is the development of cracks 
after installation. It is generally recognized that certain obvious cracks in 
such walls are caused by volume changes of the concrete block after the wall 
assembly. Specifications for concrete block designed to prevent wall-cracking 
are extant,** but their limitations in some circumstances do not appear to be 
sufficiently critical. Additional knowledge of the causes and amounts of 
volume change appears desirable. 

Since the present tests appear somewhat impractical, development of a 
rapid test for the newly-formed concrete block which will demonstrate that 
the block will not cause cracking of the finished wall is of considerable im- 
portance. For this reason, various public and private agencies have directed 
attention to shrinkage tests. 

In 1951, ACI Committee 716—High-Pressure Steam Curing initiated a 
study of three methods for determining the drying shrinkage of autoclaved 
concrete block. Briefly, these methods were as follows: (1) a “rapid method” 


*Received by the Institute May 17, 1956. Title No. 53-53 is a part of copyrighted JournNaL or THE AMERICAN 
Concrete Inetirure, V. 28, No. 10, Apr. 1957, Proceedings V. 53. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1957. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

+tMember American Concrete Institute, Pre-Shrunk, Ine., Roanoke, Va. 

tMember American Concrete Institute, Chief, Physical Chemistry and Solid State Physics Department, Owens- 
Illinois Glass Co., Toledo, Ohio. 

$Associate Professor of Applied Mechanics, Virginia Polytechnic Institute, Blacksburg, Va. 

**Specifications of the Corps of Engineers, United States Army, and the American Society for Testing Materials 
limit the moisture content of concrete block to 30 and 40 percent, respectively. The weight of water driven from a 
block (saturated for 24 hr) during drying at 225 F for 48 hr represents 100 percent moisture content. Research'? 
conducted during recent years shows that generally only a relatively small amount of drying shrinkage occurs 
during the drying to 40 percent moisture content, and even the 30 percent limit is not sufficiently critical for most 
block. 
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consisting of saturating the block for 24 hr at 73 F, drying at 225 F for 48 
hr, and cooling to 73 F in an air tight container; (2) a British method con- 
sisting of saturating the block for 96 hr at 73 F, drying at 122 F over a sat- 
urated solution of CaCl, to constant weight and length, and cooling in an 
airtight container to 73 F; (3) a reference method which was the same as 
the British method except that drying was done over a saturated solution of 
NaOH at 73 F. The difference in length between the saturated and dried 
conditions was expressed as percent shrinkage. Only autoclaved block were 
used in these tests. Block cured by other methods were not included as such 
tests were outside the scope of activities of Committee 716. 

The committee tentatively concluded that the rapid method appeared 
suitable for testing autoclaved block for drying shrinkage. The British 
method was tentatively considered (but not unanimously) to require im- 
practically long periods of time for completion of the test. The committee 
also noted that the shrinkage of autoclaved block was approximately twice 
as large in the rapid method test as was obtained at room temperature by the 
reference method. 

The data reported in 1953, as indicated above, were observed only for high- 
pressure cured (or autoclaved) concrete block. For economic reasons most 
of the concrete block produced for the building industry are “low-pressure 
steam cured.*”’ Consideration of a test for these block is paramount. 

The suitability of the rapid method for determining the shrinkage of low- 
pressure steam-cured block has not yet been completely investigated. Some 
results from different laboratories, however, are given in this report. In 
view of the possible limitations of the rapid method as a test for shrinkage 
of low-pressure block (and in light of some new data herein presented) it 
is of interest to consider new or improved methods of testing which might 
permit prediction of the drying shrinkage, and therefore cracking tendency, 
of concrete masonry walls under actual service conditions. 

In the course of research by Pre-Shrunk, Inc., on ways of improving and 
simplifying the rapid method, it was observed that autoclaved and low- 
pressure block, previously dried at 225 F, differed significantly in character- 
istics of re-expansion during soaking in water. No work has been published 
to date in this country regarding the re-expansion of block. Cracking in walls 
might be due to expansion as well as shrinkage. This fact has been recog- 
nized in England‘ for some time. 


MATERIALS AND TEST PROCEDURES 
Block specimens 


The specimens used in most of the tests were purchased on the open market. 
The method of curing and type of aggregate used in such block were known, 
but details of mix history were not available. 

For the specimens made and tested by Pre-Shrunk, Inc., and companion 
specimens tested at the University of Toledo, aggregate consisted of 1 part 


*Hereafter referred to as low-pressure block. The term “low pressure” as used herein refers to block cured 
under one (moist air curing) or two atmospheres of pressure. 
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masonry sand to 4 parts specially graded cinder in the following over-all 
gradation given in percentage retained on each sieve: 


Sieve No. x4 4 8 16 30 50 100 Pan 
Percent retained 1.4 19.6 17.3 14.7 11.1 15.9 10.4 9.6 


The binder consisted of a blend of cement, lime, and silica flour* in propor- 
tion by weight of 8.9:1:6.4, respectively. Ratio of binder to aggregate 
was | : 6.7 by weight and 1:10 by volume, and the water to binder ratio was 
0.86 by weight. Average weight of the formed raw 8-in. units before auto- 
claving was 30.75 lb. The block were autoclaved at 14010 psi and 3505 F 
for 8 hr. After autoclaving, the average weight had dropped to 28.11 Ib, 
and the average moisture content was 12.8 percent. 


Test procedures 

The rapid method, the reverse rapid method, and the rapid method fol- 
lowed by resaturation comprise the test procedures used on the mix described 
above. The process of first drying the block at 225 F and, after cooling in a 
dessicated chamber, immersing until expansion ceases is referred to as the 
reverse rapid method. 

Tests at Pre-Shrunk, Inec., indicated that low-pressure block containing 
reactive siliceous fines, if autoclaved when saturated, would give the same 
volume change test performance as companion block subjected to auto- 
claving with no prior low-pressure steam curing. Menzel® previously ob- 
served that pre-autoclaving treatment did not affect the properties of auto- 
claved products. It appeared feasible, therefore, to compare low-pressure 
to autoclaved block using the same low pressure block as the specimen. ‘Tests 
were run by both the rapid and the reverse rapid methods on low-pressure 
block; the same block were then autoclaved, and the tests rerun. 

The Whittemore strain gage was used for measuring volume changes fol 
lowing the procedure of ASTM specification C 341-54T. All tests were cor- 
rected for temperature to 73 F. 

Supplementary shrinkage tests were run in accordance with ASTM C 341 
to evaluate the moisture volume change under field conditions and to de- 
termine the effect of drying and predrying temperatures on the reverse rapid 
method as applied to low-pressure block. 


TEST RESULTS 
Rapid method tests with modifications 
In Fig. 1 are presented the results of tests on cinder blocks obtained by 
Pre-Shrunk, Ine. and the University of Toledo. The low-pressure block 
tested at the university’were purchased in Toledo, Ohio, and the autoclaved 
block were produced at Pre-Shrunk, Inc. (The arbitrary base length repre- 


senting zero percent shrinkage was taken as the 24-hr saturated gage length 


*Silica flour is frequently substituted in part for cement in the manufacture of autoclaved products. During 
autoclaving, the silica flour reacts with free lime and the lime-rich hydrous calcium silicates to form additional 
binder material. When these reactions are completed, the newly formed binder material approaches the com 
position of a mono-calcium silicate. 
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throughout this report to emphasize volume changes occurring beyond that 
time.) Curves 1 and 2 were obtained from the rapid method test followed 
by a prolonged soaking period. Curve 3 resulted from the rapid method test 
only. The re-expansion of the autoclaved block indicated by Curve 2 agrees 
closely with its prior drying shrinkage (0.039 versus 0.041 percent, respec- 
tively). , 

Fig. | shows that the re-expansion of the dried autoclaved block is rapid; 
the original saturated length was regained in about | to 4 hr, and length then 
remained constant for the remainder of the 10-day soaking period. The low- 
pressure block, on the other hand, regained the original length in 4 hr but 
continued to expand during the entire 10-day soaking period, the total ex- 
pansion above the original saturated length amounting to 0.016 percent. 


Reverse rapid method 

Curves 4 and 5 of Fig. 1 are for autoclaved block from the same batch 
as those just described but in these tests the block were measured as received, 
dried at 225 F for 48 hrs, cooled 24 hr, and then saturated. All length changes 
are again referred to the 24-hr saturated length. The length changes of 0.036 
(average of three) and 0.040 percent from the two laboratories are in good 
agreement, and the respective results are also in good agreement with the 
results obtained by the rapid method. The original length, except for small 
variations during the first few hours, was rapidly regained and thereafter 
remained constant to the end of the 10-day period. 

Supplementary tests by the reverse rapid method, the results of which 
are given in Fig. 2,* on oven-dried autoclaved units, some of which (Curve 
1) were from the same mix (but different batch) as those represented in Fig. | 
(Curves 2 through 5), manifested an expansion of 0.035 percent, further sub 
stantiating the aforementioned data. Each curve in Fig. 2 represents the 
average expansion of the two 8-in. block; Curves 2 and 3 are for open market 
samples. Using autoclaved products, it appears that volume changes of 
saturated block during drying at 225 F are essentially the same as those 
obtained by saturating a block previously dried at 225 F. The volume change 
of autoclaved block is essentially complete during an immersion period of 
only 4 hr of soaking. Hence, as a test for autoclaved block only, the result 
of the immersion expansion of an oven-dried block would consume approxi- 
mately 1 day less than the time required to complete the rapid method test. 


Reverse rapid test for low-pressure and autoclaved block 
The results from reverse rapid method tests on block of different aggre- 
gates before and after autoclaving are given in Fig. 3. ach curve represents 


the average expansion of two 8-in. open market samples. The low-pressure 


cinder block, after 1 day soaking, exhibited an expansion (or potential shrink 

*Sintered shale aggregate is produced by sintering particles of shale at elevated temperatures during which 
impurities are burned and some expansion occurs. Expanded shale is shale ‘bloated’ by elevated temperatures 
which produce gases within the particles to create the expansion. Variations between volume changes and other 
properties in the two types of shales reported in this paper are not necessarily due to aggregate processing alone 
since the presence of different raw materials and binders in the open market samples may also exert influence on 
the results. 
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Fig. 2—Expansion of oven-dried autoclaved block during immersion in water, the 
reverse rapid test method 


age) of only 0.045 percent, as compared to the rapid method test result of 
0.061 percent on companion units. After 8 days immersion, however, the 
potential shrinkage had increased to 0.053 percent (i.e., was approaching 
0.061 percent). Similar results were observed with the block made from the 
other two aggregates. 

The cinder units after autoclaving (Fig. 3) compare closely with the 24-hr 
immersion expansions by the reverse rapid method, as given in Fig. 1—0.041 
percent for the former, 0.040 percent for the latter. The rapid method test on 
companion block, however, appears to indicate a lower degree of consistency 
(0.036 percent as compared to 0.040 percent).* 

Prolonged soaking and drying 

In tests on two sets of three 4-in open market cinder units, one set auto- 
claved, and the other low-pressure cured, the soaking time was increased to 
72 hr. The block were then dried for 48 hr at 225 F, saturated for 16 days, 
and finally dried in the laboratory air for 21 days. The data are given in 
Fig. 4, all length changes being referred to the 24-hr saturated length. The 
re-expansions at 24 hr were 0.022 and 0.050 percent for the autoclaved and 


*This value (0.040 percent) is the average result of two sets of three units each. One set was tested in an oven 
with six other units and exhibited a volume change of 0.036 percent. The second set, showing a value of 0.044 per- 
cent, was run in the same oven under the same conditions except that there were no other units in the oven. It 
appears that rapid drying tests are highly sensitive to oven temperatures and humidities since higher average 
humidities and lower average temperatures prevailed in the drying of the nine units than of the three units. Fig. 6 
shows the qualitative effect of various drying temperatures on low-pressure block in the reverse rapid method. 
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low-pressure block, respectively. After 16 days the low-pressure block had 
expanded 0.023 percent beyond the 24-hr saturated length, the length of the 
autoclaved block remaining constant. The re-expansion of low-pressure 
block, as shown by results in Fig. 1 and 3, varies among different block but 
the amount may be considered significant for all. 

Drying the block in air (Fig. 4) produced a total shrinkage of 0.051 per- 
cent (total change from 16-day saturated length to minimum length after 
prolonged drying) in the low-pressure block, this value being close to that 
observed in the rapid method test. The autoclaved block shrank about 
0.010 percent in the air, this being roughly half the amount of shrinkage 
obtained by the rapid method. 


Shrinkage under indoor field conditions 


Few data have been published on the shrinkage of autoclaved and low- 
pressure block during drying under indoor field conditions of temperature and 
humidity. It seems worthwhile, therefore, to present such data now avail- 


able on the block of five producers, three using autoclaving and two using 
low-pressure steam curing. A single block was used in each test and the tem- 
peratures and relative humidities were recorded. The block were saturated 
for 10 days before test. The data, consisting of observed and corrected 
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Fig. 4—Length changes of oven-dried autoclaved block (Curve 1) and low-pressure 
block (Curve 2) during prolonged soaking and drying in laboratory 
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shrinkages together with the temperature corrections, are given in Fig. 5. 
The thermal coefficients determined were as follows: 
Block No. Cure Aggregate Coefficient of expansion, 
in. per in. per deg F 
Autoclaved Cinder 2.6 xX 10~° 
Autoclaved Cinder 2.8 X 10° 
Autoclaved Sintered shale 3.2 X 10~° 
Low-pressure I:xpanded shale 3.7 * 10°° 
Low-pressure Cinder 3.0 * 10° 
The middle graph of Fig. 5 shows the moisture movement as observed. 
The autoclaved cinder block of two producers exhibited nearly the same 
volume change with a maximum shrinkage of about 0.015 percent (at 8 days) 
and a minimum of about 0.006 percent (at 51 days). The block of the third 
producer (shale aggregate) showed a significantly larger shrinkage, but nearly 
the same volume change variation as the other two. The low-pressure block 
of both producers also exhibited nearly the same volume change variations 
as the autoclaved block. These results demonstrate that the ratio of shrink- 
ages of autoclaved to low-pressure cured block may vary considerably. The 
two low-pressure block show a shrinkage about twice as large as that of the 
third autoclaved block. The maximum over-all thermal volume change 
amounts to about 0.005 percent or about one-third of the maximum volume 
change of the autoclaved units. 
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Fig. 5—Length changes of autoclaved cinder block, Curves | and 2; autoclaved shale 
block, Curve 3; and low-pressure cinder block, Curves 4 and 5. Thermal movement 
data are average results of all five types 
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TABLE I—DATA ON BLOCK OF PRODUCERS NEAR ROANOKE, VA. 


Block were tested as received and after autoclaving (140 psi, 350 F, 8 hr). Shrinkage obtained 
by the rapid method 


| 
| 


| As received | After autoclaving 
| | 
| 


| 
| Ab 


Ab Ratio of 
Unit | sorp- |Shrink-| Unit | sorp- |Shrink shrinkage as Growtht 
weight tion, age, weight, | tion, age, received to in 


No. of | Aggregate ure* 
pef | pef | percent] pef pef percent] autoclaving | autoclaving 


units 


| 
| 


| 
| 
| Expanded shale Hi P.| 86 
‘xpanded shale|H.P G1 
)xpanded shale! L | 90 
uP. | 
' 
| 
| 


| 0.042 AS ; 0.040 O5 0.010 
0.041 91. 5 | 0.040 02 0.028 
0 O61 | 0.040 52 0.011 

| 069 | : 5 O46 50 0.036 

061 5 5 O46 33 0.039 
063 2.: O41 53 0.062 
O64 O44 | 5 0.009 
043 j 029 | 18 0.009 
O44 K | | 0.029 51 0.003 
O41 031 2 0,004 
038 5 025 f 0.003 


“xpanded shale 82 
)xpanded shale bed) 
81 
4 
LOS 
141 


~”) 


Scent 


)xpanded shale 


"“IDOH Or 


L 
I 
»xpanded shale|L 
-xpanded slag |L 
Amestone L 

L 

N 


t 


imestone 
Amestone 
‘inder- 
limestone | | 107 
‘inder H.P.| 92 
‘inder L.P. | 
‘inder L.P. | 

| 

| 





DBAnee 
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129 
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ee 
pl anledantaslustastatestasten 


057 
035 
060 
O8O 
090 
095 
077 44 


| 
| 
| | | 


035 2 0.033 
032 0.009 
O42 | ; 0.043 
073 | 0.025 
055 } 0.028 
075 5 0.021 
044 f 0.013 


noaeKoOn 


D>NMH GD 


inder L.P. | 
inder |M.A. | 
inder M.A 


re be OO 
Aaa 
ree 


t 








*H.P. means high-pressure steam; L.P. means low-pressure steam; M.A. means moist air 


tExpansion during autoclaving was based on difference in lengths of saturated block be fore and after auto- 
claving. 


Reverse rapid method variations 

An interesting variation in the reverse rapid method expansion curve was 
introduced by pre-drying low-pressure units at 400 F for 48 hr. The total 
expansion increased from 0.064 to 0.131 percent as shown in Fig. 6, much 
of the increase appearing after the 24-hr soaking period. Yet, when all speci- 
mens were subsequently subjected to the rapid method test, the pre-dried 
specimens exhibited about the same shrinkage as the others. Further tests 
would be desirable here to explain the difference in the test results between 
the pre-dried units and those which were not pre-dried. It may also be 
noted that, in general, increased drying temperatures resulted in increased 
reverse rapid method expansions. 


Rapid method comparisons, low-pressure and autoclaved block 

The percent length changes by the rapid method before and after auto- 
claving are shown in Table 1. The data on absorption and unit weights 
are recorded even though discussion is omitted here. As indicated, three 
sets of the block had been previously autoclaved, the others were cured with 
steam at atmopsheric pressure or with moist air. 

The “growth” of the block during autoclaving indicates the formation of 
additional binder. Block which do not contain reactive siliceous materials 
such as those made with limestone, would not be expected to manifest any 
significant growth. The results on such block support this hypothesis. Ex- 
panded slag, particularly if of low calcium content, undergoes as expected 
only small growth because it is not a reactive siliceous material. The re- 
autoclaving of previously autoclaved block produced small growth in two 
sets of block, but a moderate growth in the third. The interpretation which 
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may be made tentatively is that the original autoclaving of the latter block 
was not as intensive as of the other two block. 

Since field performances indicate that low-pressure block undergo a per- 
cent length change due to moisture of about twice as much as autoclaved 
block, it is of interest to observe that, excluding the pre-autoclaved block 
in Table 1, the ratio of low-pressure to autoclaved percentage length changes 
due to moisture ranges from 1.10 to 1.75. A similar value from cinder units 
companion to those in Fig. 3 was 1.39 by the rapid method, and in Fig. 3 a 
value of 1.23 in the reverse rapid method test was observed (the latter after 
8 days of soaking). 


Thus it appears that severely accelerated test length changes cannot be 
considered as being the same as those in the field. That is, since the acceler- 
ated test does not simulate field conditions, its results should be interpreted 
in terms of the test itself, and then related, if possible to field performance. 


DISCUSSION 


To be suitable as an acceptance test for concrete masonry units, a test 
should be: (1) short; (2) one which will give reproducible results (preferably 
a simple test); and (3) one which will predict field performance. 

The reverse rapid method appears to satisfy the first criterion for block 
which have been autoclaved until subsequent autoclaving produces no further 
significant autoclave expansion. The method appears to give reproducible 
results, at least for the limited number of tests run and included in this report. 

Fig. 5 shows the only data included in this report on field performance. 
Specimens from the same plants as those represented by Curves 2 and 3 of 
Fig. 5 were tested by the reverse rapid method; thesresults being given in 
Fig. 2, Curves 1 and 3 respectively. Other specimens of the group from 
which Curve 3 in both Fig. 2 and 5 was obtained were re-autoclaved, and an 
autoclave expansion (as reported in Table 1, line 2) of 0.028 percent was 
observed. On the other hand, re-autoclaving the cinder units resulted in an 
autoclave expansion of only 0.009 percent (Table 1). The expansion shown 
in the reverse rapid method test after 24-hr immersion may have been an 
indication of unhydrated binder in the expanded shale units which caused 
increased shrinkage in the field performance test of Fig. 5. Field test results 
similar to those described above but not included in this report were also 
obtained for autoclaved cinder block which exhibited a reverse rapid method 
expansion beyond the 24 hr soaking period. Unfortunately, no reverse rapid 
method tests were made on specimens companion to those represented by 
Curves 4 and 5 of Fig. 5, although reverse rapid method tests on other low- 
pressure units are shown in Fig. 6. 

The authors wish to emphasize the need for more data similar to those 
discussed in the previous paragraph. Until far more data of this nature are 
assembled, the question of field performance predicted by the reverse rapid 
method remains unanswered. 





VOLUME CHANGES OF CONCRETE MASONRY UNITS 


CONCLUSIONS 


1. The rapid method test does not necessarily give volume changes similar 
to those which occur in the field. 

2. The reverse rapid method test yielded essentially the same volume 
change as the rapid method in both autoclaved and low-pressure units. Most 
of the autoclaved units, however, exhibited this volume change after approxi- 
mately 4 hr of soaking. The low-pressure units continued to expand for as 
much as 3 weeks. 

3. Preliminary test results indicate that data relating the reverse rapid 
method test to the field performance of companion units in the slow dry-out 
at uncontrolled indoor temperatures and humidities needs to be gathered and 
evaluated for all types of concrete masonry units before the prediction or 
lack of prediction of field performance by the reverse rapid method can be 
established. 

1. Increasing drying temperatures from 225 F to 300 F increased the 
reverse rapid method test length change on low-pressure units. 

5. Pre-drying of low-pressure block at 400 F resulted in a much higher 
reverse rapid method test length change but did not affect the subsequent 
rapid method length change. 
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Title No. 53-54 


Elastic Design of Prestressed Sections in Flexure 
by Charts or Tables’ 


By WITOLD W. ZAWILSKIT 


SYNOPSIS 


A method is presented for direct proportioning of the economical shape of 
cross section; trial and error effort is eliminated, and cross sections need not 
be modified. 

Principal concept of design is based on three simultaneous equations in 
three unknowns expressing loading and stressing conditions. The general 
equations presented are applicable to any kind of problem. 

A rapid design is demonstrated by using charts or tables exemplifiying th 
practical solution of such equations. The charts and tables are based on two 
fundamental principles of economical design: full utilization of conecret« 
stresses; and full utilization of the lever arm of the internal resisting couple 
Accordingly, two types of charts and tables are compiled: (a) for economical! 
use of concrete; and (b) for economical use of steel. 

Finally, an economical design by charts and tables is developed for com- 
posite cross sections, particularly as applied to bridge decks 


SYMBOLS 
Loading and stressing stages 
When a prestressed beam is subject to conventional loading and stressing, 
the following two loading and stressing stages can be distinguished: 
Stage 1 
Axial load: prestress force F 
Moments: self weight moment M, + prestress moment /E 
Stage 2 
Axial load: relaxed prestress force nF 
Moments: self weight moment M, + relaxed prestress moment 7/’'E + moment due 
to superimposed load M, 
In case of a composite beam, as will be shown later, a third stage is in- 
volved. 
Small letter symbols 
Cross-sectional properties are designated by small and capital letters to 
facilitate mathematical operations. The small letter symbols refer to the 
cross section whose dimensions are expressed in terms of h (depth of section) 
For example, symbols b, a, and i denote a linear dimension of the flange, a 
*Received by the Institute May 28, 1956. Title No. 53-54 is a part of copyrighted JoumNaL or THE AMERICAN 
Concrete Inetirure, V. 28, No. 10, Apr. 1957, Proceedings V. 53. Separate printe are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1957 Address P. O. Box 4754 
Redford Station, Detroit 19, Mich 
+Member American Concrete Institute, Structural Design Engineer, Hydro-Electric Power Commission of 


Ontario, Toronto, Ont., Canada. 
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cross-sectional area, and a moment of inertia divided by h, h?, and h* re- 
spectively; therefore, they are dimensionless. The properties of a cross sec- 
tion designated by the small letter symbols are: 


>t.¢2c#8.¢6¢.8 6 
Multiplied by: hhhhh ht h* hé 
Give the normal properties: B T EC Y A ZI] 

One-digit subscripts are used for the following symbols related to the fiber 
location: by, be, ti, le, Ys, Yo, 21, 22 The “1” of the above symbols indicates 
the extreme bottom fiber, which is maximum stressed at Stage 1. Digit ‘'2” 
indicates the extreme top fiber. 

Two-digit subscripts are used only for the minimum concrete stresses. The 
first. digit indicates fiber location; the second digit indicates loading stage. 
lor example, fiz = concrete stress at fiber No. 1 (bottom) at Stage 2. Con- 
crete compressive stresses use one digit subscript, designates fiber No. | and 
Stage 1; fe designates fiber No. 2 and Stage 2. 

The foregoing rules pertaining to the subscripts of the small letters apply 
also to the capital letters. 


List of symbols 
Cross-sectional properties 
A, a = area of effective (stressed) concrete section 
cg.c. = center of gravity of effective (stressed) concrete section 
c.g.8. = center of gravity of prestressed steel area 
B,, b; width of flange at bottom fiber 
By, be width of flange at top fiber 
B', b' = width of web for I- and T- section 
71,4 depth of flange at bottom fiber 
T's, ls depth of flange at top fiber 
Cie distance of bottom fiber to ¢.g.s. 
= eccentricity of ¢.g.s. with regard to c.g.e. 
total depth of effective (stressed) section 
= My/F = lever arm of internal couple or distance between resultant of stresses 
in concrete and resultant of tension in steel 
moment of inertia of effective (stressed) concrete section about c.g.c 
section modulus of bottom fiber referred to ¢.g.c. 
section modulus of top fiber referred to c.g.c. 
= distance from bottom fiber to c.g.c. 
distance from top fiber to ¢.g.c 


Loading properties 
w, = distributed load per linear ft at Stage | 
M, = bending moment due to w,; at Stage | 
w, = distributed service load at Stage 2 
M, = service bending moment at Stage 2 
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M, + M, = total bending moment 


l 150 - =a: 

—- = 1.5625, coefficient in formula M,; = v AL 
8 12 

L = free span in ft 


Prestressing 


F = initial prestress force 


effective prestress force after deduction of all losses 
“= 4» ie ~ alee a0 : 


initial prestress force 


Concrete stresses 


f; = maximum compressive stress at bottom fiber at Stage | 
fa maximum compressive stress at top fiber at Stage 2 

fir minimum stress at bottom fiber at Stage 2 

Su minimum stress at top fiber at Stage 1 

Sia fi — fox = algebraic difference of stresses at Stage | 
‘oa = fo — fir = algebraic difference of stresses at Stage 2 


21 . ‘ 
ky 4 = algebraic ratio of stresses at Stage 
Jil 


= a = algebraic ratio of stresses at Stage 
J2 


Signs 

For positive quantities no sign (+) is shown. The minus sign is shown 
for all negative quantities. 

Concrete stresses—Compression is positive and tension is negative. 

Moments—Any moment counteracting prestress moment FF is negative; 
therefore, external conventional moments M,, M,, My, and internal //h fig 
about c¢.g.c. are negative. 


INTRODUCTION 


Two fundamental principles govern the economical design of prestressed 
concrete beam sections: (1) full utilization of concrete stresses; and (2) full 
utilization of the lever arm J of the internal couple. 

The first principle is satisfied when at least three of four extreme fiber 
stresses (f;, fo, fer, fiz) reach their allowable maximum or minimum values 
at both stages. The second principle is satisfied when only the minimum 
practical distance between c.g.s. and extreme bottom fiber is provided. Both 
principles must be satisfied simultaneously to obtain the economically opti- 
mum solution. 

However, a minimum-cost prestressed beam must take into account the 
cost of both steel and concrete; two kinds of saving may be attempted: 

1. Economical design for concrete when two of three attained allowable 
stresses are maximum compressive stresses (Fig. 4) 
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Stage 1 Stage 2 
f; = fe = maximum allowable fe =hi 
fa > v0 fir = 0 


2. Economical design for steel when, for example, for a < 1 (Fig. 3) 


Stage 1 Stage 2 


f: = maximum allowable fe =anh: 
fu = 90 fu = 0 


The full utilization of the lever arm of the internal couple is controlled 
by the ratio M,/M,. In this respect, prestressed concrete beams can be 
divided into two classes, light and heavy. The distinctive feature of the light 
class (Example 2) is a small ratio M,/M,, which facilitates full use of the 
lever arm of the internal couple by placing c.g.s. near the bottom fiber. Beams 
of the heavy class have a high ratio M,/M,, which is usually associated with 
the short span heavily loaded by M,. Generally, in this class it is difficult 
to utilize fully the lever arm J of the internal couple, but direct design by 
three simultaneous equations is simple (Example 1). 

To satisfy the requirements of economical design for any specified loading 
conditions (L, M,), at least four cross-sectional properties a, 7, a, and e have 
to be adapted simultaneously, which makes the design by trial and error so 
difficult. Also, the analytical procedure of design based on three simultaneous 
equations encounters serious difficulties when a cubic equation is involved; 
therefore, the selection of cross-sectional outline by charts or tables saves 
time and energy. 

To simplify the examples, charts, and tables, the gross section of concrete 
including the area of ducts is used; nevertheless, the net section or trans- 
formed section can be used for greater accuracy by applying the general form 
of equation. 


FUNDAMENTAL EQUATIONS 


Let us assume the conditions of loading and stressing divided into two 
following stages: 
Stage 1 Stage 2 
Axial force = I’ Axial force = 4 F 
Moments = FE + M Moments = 7» FE + Mr 
in which My = M, + M, 


Based on the above conditions, the set of the fundamental equations uni- 
versally applicable for elastic design of a prestressed beam subject to bend- 
ing, can be written in the following general form: 


nlf +a f;) a fs + a fis (1) 


1 
h fia + FE 4 M, = () (2;) 


1 


I 
—foa + FE + Mr =0 
h 
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The symbols of the above equations can be expressed by the following sup- 
plemeritary formulas: 
fas + af; 


A (3;) 
a +l 


fs T a fir 


a+l 


gF =A (32) 


in which @ = y2/y:, and fia = fi — fer, foa = fe — fiz denote the algebraic 
variation of stresses. 

Note: The numbering system of equations is supplemented by subscripts 
“1” and “2” to designate Stage 1 and Stage 2 respectively. 


Iq. (1) can be written in its modified form as follows: 


oa fu taf, “a fa t+afi 
a+l1 a+ l 

The equation states that the initial prestressing force at Stage | is reduced 

due to losses during Stage 2. The reduction coefficient for prestress force 

F takes into account the total losses in prestressing due to shrinkage of con- 

crete, creep of concrete and steel, etc. 

Kq. (2;) and Eq. (22), expressing the conditions of Stage 1 and Stage 2 
respectively, state: 

At any stage, and in any section, 2M of the internal moments (J/h fiy, 
(l/h) fea, FE, n FE about c.g.c., and external moments M,, Mp is zero. In 
other words, at any cross section of a beam, the internal resisting couple, 
represented by the resultant of stresses in steel and the resultant of stresses 
in concrete, constitutes the moment of resistance of the section. Such a 
moment is equal to the external bending moment M, or My at that section. 
The magnitude of the lever arm of the internal couple varies with loading 
and stressing conditions. 

PARTICULAR EQUATIONS 
Economical design for steel 

For economy in steel, or for reasons of safety and simplicity, it is some- 

times convenient to design for the following limiting conditions: 


1. The cross section is to be fully stressed, and the following extremities of conerete 
stresses are to be reached at Stage 1 and Stage 2: 


Stage 1 Stage 2 


1.176, f; = maximum allowable fro=naf 


maximum allowable 
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2. The cross-sectional shape and c.g.s. location are to be constant during Stage | 
and Stage 2. 


3. The negative moments will be — M, and — Mr. 

Applying the foregoing requirements, the basic equations can be written 

in a more simplified form: 
fs =naf, (4) 
l= FE-M (51) 
. ot 5 My o 
h ! 1 
4 fo=M FE 
h 2 MT " 4 


The supplementary formulas are: 


, afi ‘ ' 
F =A—— =ah' wf; (6) 
a l 


n Fe=A = ah? Wile (63) 


a 


fs 
+ 


| 
Eliminating PEL, I, M, between Eq. (5;) and (52), the combined form 
equations will be obtained respectively: 


/ 

, 7 '@ + 1)f,; = M,+(1 n) M, 
1 

AEnaf; = M,+(1+na)M, 
I = 

, oe + 1)f; = FE(1 —»9) + M, 
1 


Any one of the Eq. (72), (82), (92) can be used instead of Eq. (5,). 


DIRECT DESIGN BY SIMULTANEOUS EQUATIONS 


The outline of a general procedure of design will be limited to two con- 
ventional stages of loading and stressing expressed by, three simultaneous 
equations in three unknowns: 


n(fa t+afi) =fe t+ afir 


I 
—fi4+FE+M, =0 
h 


/ 
h fra +n FE + My =0 
h 


in which symbols may be expressed by variables as follows: 


A = ah* and /] = ih‘ in terms y;, yo, bi, be, bi, te, 0’, A 
F in terms a, y;, ys, f: or fa, h 


M, in terms a, h, L E in terms e, h 
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After process of reduction of variables, Eq. (1), (2;), and (22) can be sim- 
plified to the system of three equations of third degree in three unknown 
variables. The solution of any problem involves the following operations: 


1. Selection of three independent variables as unknowns of three equations. 

2. Reduction of the remaining number of variables by assuming them to be constant, 
or by expressing them in terms of the three independent variables. For example, in 
terms of b., the following expressions are taken from Table | and Table 3: 


For reetangular cross section a = by, i = b,/12 


0.400 


For medium T-section y. = 0.100 + — — 
hy + 0.800 


a = 0.200hb, + 0.160 
For I-beam when a = 0.80, 7 = O0.05618b, + 0.00074 
3. Elimination of the unknowns from the set of three simultaneous equations in 
three unknowns leading to one cubie equation in one unknown 
1. Solution of cubie equation 
5. Numerical evaluation of all remaining properties 


Example 1 
This example demonstrates a typical procedure of application of three simultaneous equa- 

tions in the direct design for heavy class beams 
(riven: 

, final prestress force 7 

For span L = 30 ft, M, = 100,000 ft-lb, » = . = O85 

initial prestress force 
issumed: 
Let the cross-sectional properties be 


b, = b: = 0.6, t, = 0.3, t) = b' = 0.2 


Hence, from the geometrical outline of the cross section in Fig. | 
a = 0.60) 0.40 * 0.50 = 0.40 


0.04 * 0.24 . 

O50 4 = ().525 
0.40 

= ().475 

1.000 


O04 K 0.5") + 0.6 * O.025 0.2 * O.O75* = 0.04508 


Required: 


1. The maximum concrete stress to be 2130 psi, the minimum to be zero 
2. Design to be economical for steel 


Accordingly, the following set of concrete stresses is established 


Stage 1 Stage 2 


f 2130 psi f, = f,; = 1.105 K O85 K 2130 2000 psi 
fu = 0 fie = 0 


Equations—By fixing the concrete stresses, the first equation expressing the relation of 
stresses has been eliminated. The variables ¢ and h are selected as unknowns to satisfy the 
remaining equations 
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='60 fo = onfy 


Fig. |—Example | 


The selected remaining equations are: 


I 
fi = FE — M, 
h 


I 
7 2 t+1)fi = M,+(1 n) M, 


Solution —First, insert the numerical values of 7, 9, a, f; (psi), M, (in.-lb), », a, L (ft) into the 


developed form of Eq. (7), and solve it for h as follows: 
thin(a+1)f; = M+ (1 n) vah?L? 
0.04508 h® & 0.85 & 2.105 & 2130 = 1,200,000 + 0.15 & 1.5625 & 0.4 h? 30° 
h* 0.49 h? = 6980, h = 19.28 in. 
Now, A = ah? = 0.40 19.28? = 148.7 sq in., and from Eq. (6;) 
PF = ah? yf; = OA K 19.28? K 0.525 K 2130 = 166,100 lb 


Next, substitute the numerical values of i, h, f;, F (Ib), v, a, and L (ft) into the developed form 
of Eq. (5,), and solve it for e. 


th* f, = Feh — vah? L? 
0.04508 & 7166 * 2130 = 166,100 & 19.28 ¢ 1.5625 & 148.7 30? 
e = 0.28 E = eh = 0.28 & 19.28 = 5.4 in. 


Finally, the other properties are: 


th’ 19.283 P Z, 681 
Z, = — = 0.04508 —- = 681 cu in., Z; = = ~ = 616 cu in 
Wy 0.475 a 1.105 


M, =v AL* = 1.5625 & 148.7 XK 30? = 208,800 in.-lb 


To facilitate the solution of the cubic equations, the following formula* may be recommended: 


*See Civil Engineering, Feb. 1951, article by D. B. Steinman. 
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4d 


3d 
ros 
in which Zp is a trial root of equation, and m, a, b, c are the coefficients in the following general 
equation: 
ma* = az** + bz*? + cx*-? + dz*“* +... 
Example 2 


This example* serves as an introduction to the charts, which basically repeat the following 
procedure in a graphical form. The example illustrates the direct method of design based on 


bo="6415 fo = f 
WA ht 2 my 
7 . +" 








fo1=0 
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wo 
oe) 





c.g-c. 
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Fig. 2—Example 2 
































three simultaneous equations. Design procedure assumed is typical for the light class of beams 
fully stressed, when the lever arm of internal couple is fully utilized. 
Given: 
For span L = 80 ft, M, = 11.5 X 10¢ in.-lb 
final prestress force 


lr te - = ().85 
initial prestress force 


Assume: 
1. Let the outline of the cross section be as shown in Fig. 2 with the following dimensions 
held constant: 
Ys 
b’ = 0.15 = = 0.8 


hence 


*This example was originated by P. W. Abeles in Principles and Practice of Prestreased Concrete, Frederick Ungar 
Publishing Co., New York, 1949, p. 45; example was later repeated by R. G. Robertson in the Structural Engineer, 
V. 30, Nov. 1952. 
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Let the unknown dimensions of the cross section be by and h. Then by geometry, the 
properties (expressed in terms of h) are: 


a=z=Q@ 15 (by + he) + O.7 K O15 


(by — b;) 0.15 (0.500 — 0.075) 
yi ~ 0.5 = 0.056 = ——_— —— 


0.15 (by + be) + 0.7 K O15 
from which b; = 0.7672 b, — 0.0815, then a 0.2651 by + 0.0928, 7 = 0.04755 by + O.OO175 
Required: 


1. Maximum concrete stress to be 2300 psi, minimum to be zero 
2. Wesign to be economical for steel. 


Accordingly, the following set of concrete stresses is established which satisfies equation of 
stresses [Eq. (4) }. 


Stage 1 


Ii = 2400 pe Sa 
fa = 0 


Stage 2 
=anf, = 0.8 XK 0.85 &K 2300 = 1564 psi 
fis = 0) 
3. The lever arm of the internal couple to be fully utilized (light class). 
filled when ¢ is minimum; therefore ¢ = 0.075 is assumed. 


This can be ful- 
Equations 


By fixing the concrete stresses, the first equation [Eq.(4)| expressing the relation 
of stresses has been eliminated. Now, let the pre-selected unknowns, b, and h be determined by 
the following two equations: 


y* L* (2 e 
> = = 
M,f;? a [uw (1 + an) 
vi 
= = Cis 
fi h 


pw) 


yo 1 n 


Solution of equation 


The above equations are selected from the equations used later for plotting charts. 
Express symbols of Eq. (142) by the numerical values and in terms of 
b, as follows: 


v Lt 


1.5625° & 80° 
= - = O.O1641 
Mf." 11.5 &* 10° * 23002 


Yi ¢ = 0.556 0.075 = 0.481 


y,e(1 ~ 9) = 0.21356 & (1 — 0.85) = 0.03203 


l+an=1+08 X 0.85 = 1.68 


1 0.04755 be + 0.00175 
“M = —s - = — 


a 0.2651 by 4+ 0.0928 


, _ 0.04755by + 0.00175 
N = ey: pw = 0.21356 ; 


0.2651 b, + 0.0928 


Substituting the above expressions into Iq. (14,2), the following form is obtained 


P 0.04755b. + 0.00175 
® = 0.01641 = N*:(0.2651b, + 0.0928) ————————— 1.68 — 0.03203 
0.2651b, + 0.0928 
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The solution is: b. = 0.6415 


hence 

b, = 0.76726, — 0.0815 = 0.4105 

a = 0.2651 & 0.6415 + 0.0928 = 0.2628 
0.04755 & 0.6415 + 0.00175 = 0.03226 


i= 


1 0.03226 
= ———— = ().1227 
a 0.2628 


To find the last unknown A, use the following formula obtained from Eq. (14): 


vb? 1.5625 & 80? 
Aa=— — = = 47.8 in 
(y2e — p)hi (0.21356 0.1227) 2300 


The numerical values of the most important properties are: 


ah? = 0.2628 & 47.8% = 601 sq in. 

= Ayf, = 601 K 0.444 & 2300 = 614,000 lb 
i. 0.03226 
aE as coeee 


0.556 


17.8° = 6340 cu in 


0.03226 
— 7.8% = 7930 cu in 


0.444 


Plot the values of function # (b.) or the right hand side of 
vi LS 


enter the obtained diagram with the ordinate ® = Vy x 


Graphical solution of Eq. (142) 


Iq. (142) for variables by as abscissas 


representing data necessary for design, and read the corresponding b. which is the solution of 


Eq. (14). 
CHART EQUATIONS 


Derivation of general form of equations 
The known set of fundamental equations for Stage | and Stage 2 is: 


n(fo +afi) =fet+afiy 


I hf ia, M ly 


in which, negative moments counteracting prestress are 
be expressed as 


~ My. The symbols involved in the above equations can 


follows: 
f ; > fe J ity / = ih', E — eh, 


fia = fi Sar, 


fi + fe 2 
A pe “in which A = ant, a= ¥: 
a y 
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To simplify writing, the following new symbols are introduced: 


f f i 
ky x: ks * % me = —(1 — hy) = w (1 — hi) 


a +k; a+k, 


- at oo 


qa2e- ’ 


Now, the remaining symbols of equations can be expressed as follows: 


+k 
M, =v AL? = vah?L?, F = ah*f, a = ah*fi yn, fe = narh; 


a 
a 


To derive the equation of Stage 1, first, express Eq. (2;) in terms of the 
small letter symbols, next, separate the loading and stressing variables from 
the cross-sectional variables by transposing them to the left and right hand 
side of equal sign, respectively. Then, the final form of equation can be 
written 


vi? 


=—— = ¢y, — a (10 
hh CU k Mk 1) 


To derive the equation of Stage 2, the variable h has to be eliminated from 
Iq. (22) in the following steps: 

1. Express Iq. (22) in terms of the small letter symbols. 

2. Substitute into Eq. (22) for h the following expression obtained from 
Iq. (10,): 

2 
h ae vb oes 

Si (€Yk — we) 

3. In such developed form of Eq. (22) substitute nBu,f; for ife,/a. The last 
substitution is based on the following derivation: 

ifrd 7 a + ky 


1 
= —(1 — kz) fo = -(1 — ko) 9 ——— fi = 0B uth 
a a a l+ak, 


in which 


and from which 


(1 — ki) (a + ky) 
(1 — ki) (1 + awk) 





The formula for f, is obtained from Eq. (1). 
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4. Separating the loading and stressing variables from the cross-sectional 
variables, the final equation for Stage 2 is obtained: 


vy LS (Ck ue)® 
@ = - = — . 
M, fi? alu (1 + 8B) ey (1 n)| 


The foregoing Eq. (10;) and (102) can be used for plotting the charts, which 
represent the graphical solution of those equations. 

It should be noted that the concrete stresses used in Eq. (10;) and Eq. 
(102) have to satisfy simultaneously the equation of stresses [I%q. (1)]. 


Partially prestressed beams 
The form of Eq. (10;) and Eq. (102) can be used, except that the value of 
B has to be modified. 


Fully stressed cross sections 
Balanced design for concrete—Concrete stresses to be reached are: 


Stage 1 Stage 2 
fi =f = maximum allowable f f 
fu >0O Fas 0 


The general form of Eq. (10;) and Eq. (102) is unchanged but 


Economical design for steel—Concrete stresses to be reached are: 
Stage 1 Slage 2 


= maximum allowable — , nah, 


maximum allowable 


hart equations takes the following simplified form: 


L? 


oo ae ae 
— 


y* Lt (ey #) 


M,f;? aly (1 + 9 a) eys (1 n)| 


in which 
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Fig. 3—Economical design for steel. Graphical summary of Tables 1, 2, 
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Beam carried in inverted position at Stage 1 

For an inverted beam at Stage 1 the prestress moment FF does not counter- 
act; therefore, the self weight moment is positive (+M,). In Eq. (10,) and 
Eq. (102) certain signs only are to be changed. 


No self weight at Stage 1 


If no self weight moment is acting at Stage 1 (M@, = vAL*? = 0), direct 
design can be done by simple formulas. 


CHARTS 


Economical design for steel, Fig. 3 
Mathematically, charts of Fig. 3 represent the solution of simultaneous 
Iq. (14,) and (142) with two unknowns b, and h. 


" Mf? 


(€Y2 u)* 
2 ie age te » (14,) 
ay (l + na ) — eye (1 n)| 


The terms of the left side of each equation represent data necessary for de- 
sign. The right side of each equation involves variable cross-sectional prop- 
erties. These variables are to be expressed in terms of one common variable 
be (abscissa) before plotting. The top and the bottom curves representing 
the functions ® (bz) and N(be) respectively, are plotted with common abscissa 
be; thus be satisfies both equations simultaneously. 

The charts satisfy the following requirements of economical design for steel: 

Stresses 


Stage 1 Stage 2 


a<- = 1.176, f; = maximum allowable fo =naf, 
" compression 


l fe , 
a>-— = 1.176, f, «= fo = maximum allowable compression 
n na 


Sus = 0 Sia = 0 


Lever arm—The lever arm of the internal couple is fully utilized (light 
class) by providing the minimum c for steel. 

The curves are divided by vertical lines into three groups of light, medium, 
and heavy flange beams. Regarding the cross-sectional shape, the curves 
represent the I-beam, T-beam, and R-beam (rectangular) with variable 
width of the flange be. Such groups of curves are subdivided into light and 
heavy class. Curves for the light class of beams are identified by single 
numbers from a = y2/y; = 1.2 toa = 0.5 denoting c.g.c. location. Curves 
for the heavy class of beams are identified by double numbers, the top num- 
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ber being a with a constant value of 1.2 denoting c.g.c. location; the variable 
bottom number is ¢ denoting the c.g.s. location. 


Balanced design for concrete, Fig. 4 


The chart (Fig. 4) is based on the following requirements of economical 
design for concrete: 

1. Full utilization of concrete stresses in the differential balanced design for 
concrete. 

2. Full utilization of the lever arm of the internal couple (light class). 
The following set of concrete stresses is established which satisfies the first 
requirement and equation of stresses, Eq. (1). 


Stage 1 Stage 2 


fi = maximum allowable compression fo = O.B5S; 
fu = (1 —a@)fi fi = 0 


All charts in Fig. 3 and Fig. 4 are prepared for the gross area of concrete 
section including the area of ducts. 

The semilogarithmic scale makes possible accurate readings for a wide 
range of ordinates. 


Example 3, design by charts 


A typical application of charts, for the light class design, is demonstrated in the following 
problem, which has been solved in Example 2 by the direct method of design based on three 
simultaneous equations 


Given: 
For span L = 80 ft, M, = 11.5 & 10° in.-lb 


final prestress force 


o— : = O85 
initial prestress force 

The requirements of economical design for steel are the same as in Example 2. Also crose- 
sectional constants are the same, t; = 4, = b' = 0.15,@ = y2/y; = 0.8. The unknown proper- 
ties by and N will be read from the charts of Fig. 3 

The first section of Fig. 3, containing light beams of the assumed shape of cross section will 
be used; readings require no interpolation. First compute the ordinate 1000 ® [the left hand 
term of Eq. (14,)] For given vy = 1.5625, Lift), M, (in.-lb), f; (psi), the ordinate is: 


v® LS 3.811 K 80° & 104 
1000 @ = - = - = 1641 

M.f2 11.5 & 10° & 23002 
Entering the chart at 1000 ® = 16.41, proceed right along the dashed line to the curve for 
a = 0.8 (previously selected value) and read the abscissa b, = 0.641. With the same abscissa, 
read down to the lower curve for a = 0.8, and then at the left the value of 100 N = 9.09 may 
be found. Now, h can be determined from the simple formula obtained from Eq. (14,) 
vy L? 1.5625 & 80? 


— = 47.8 in 


h= _ = - 
‘Nf? 0.0908 * 2300 


Finally, the numerical values of other properties can be calculated by using the following 
formulas: 
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TABLE 1—ECONOMICAL DESIGN FOR STEEL, GENERAL FORMULAS AND EQUATIONS. 
TABLES FOR RECTANGULAR AND T-BEAMS 
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1 
sole 5: 8 h E =(y, —c)h B, @ bh 

, a 
sh > om t h fr = nafs Bz = byh 


Y,+ ¥2,= A = ah* I = th‘ VU, = vah’? L? 


F = ah? ys fi 


The terms b,, a, and i can be calculated from the geometrical outline of cross section, or read 
off from the Table 2. For the numerical values of the above properties see Example 2. 


TABLES 


By using Tables 1, 2, 3, and 4, the charts in Fig. 3 can be reproduced. The 
tables give the following information: 
1. The dimensioned sketches of the cross sections (dimensions expressed in terms of h 
for beams of light, medium, and heavy flange. 
2. The formulas of functions 1000 4, 10 N and other supplementary formulas. 
3. The numerical values of cross-sectional properties y2, b;, a, and 7 in terms of vari- 
able @ and by». 
For design purposes the chart or tables can be used independently. If the 
charts are used only, the properties y2, b;, a, and 7 have to be calculated, for 
any value of a and be, from the geometrical outline of cross section. 


CONCLUSIONS 


After careful study of the charts, some important conclusions may be 
drawn. Such investigations are desirable to serve as a guide for selection 
of the economical conditions of design. 

In economical design, the following properties should be as high as possible: 


1. Theratioi:a = yp 
a ] 
2. The ratio y::y2 = 
a 
3. The range of concrete stresses fig = f; — fo, at Stage 1 and fog = fo — fis at 
Stage 2. 
= : final prestress force 
The ration = -— 
initial prestress force 
5. The lever arm of the internal couple J by providing only the minimum distance ce 
between c.g.s. and extreme bottom fiber. 


The last property is fully utilized in light beams. For these the saving 
in materials is significant and reaches its maximum for long-span T-beams. 

For the heavy class of beams the high ratio M,: M, prevents full use of the 
leverage J, unless we use uneconomical inverted T- or rail-shape of section, 
but such types of section reduce the ultimate strength of beams. In this 
class it is more advantageous to employ the symmetrical section, assume the 
extreme concrete stress, and then determine the e.g.s. location (Example 1). 
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TABLE 2—-ECONOMICAL DESIGN FOR STEEL OF LIGHT I-SHAPE BEAMS 


To increase the leverage J for heavy beams post-tensioned in place, the 
following methods may be used: 
1. Apply a temporary load during prestressing operations, and replace it at Stage 2 
by the weight of superstructure. 
2. ‘Apply a re-tension procedure for steel during building of superstructure. 
3. Relocate the c.g.s. position in cross section after the full load of superstructure 
has been imposed. 
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TABLE 3—ECONOMICAL DESIGN FOR STEEL OF MEDIUM |-SHAPE BEAMS 
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From the point of view of utilization of materials, two kinds of design for 
beams can be distinguished—economical design for steel (Tables 1, 2, 3, 4, 
and Fig. 3), and balanced design for concrete (Fig. 4). 

Optimum conditions for balanced design can be obtained for the long 
spans and ‘T-sections, where extremely high carrying capacity My can be 
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TABLE 4—ECONOMICAL DESIGN FOR STEEL OF HEAVY I-SHAPE BEAMS 


developed. 


However, 


high utilization of concrete stresses in the balanced 


design for long spans is associated with a high proportion of steel; therefore, 


beams are comparatively shallow and flexible. 


Conversely, economical design 


for steel produces beams deeper, a little heavier, but with a significant re- 


duction of steel. 





PRESTRESSED SECTIONS IN FLEXURE 


COMPOSITE CROSS SECTIONS 

Additional symbols 

A;,a; = effective (stressed) area of composite section at Stage 3 

ia ‘ We , P 

Ad’, a2 a, h*? = 750 12? = area of equivalent concrete section at Stage 2 

B;,b. = width of flange at top fiber at Stage 3 
T:,t; = depth of flange at top fiber at Stage 3 
C.£.0.4 center of gravity of effective composite section at Stage 3 


13, ts moment of inertia of composite section about ¢.g.c., (Stage 3 
= distributed load per linear foot at Stage 2 
M, = bending moment due to wy, 
A,’ ay’ 
- A a 
fis = stress at bottom fiber of composite section at Stage 3 
Ss stress at top fiber of composite section at Stage 3 
Sis stress at bottom fiber due to M, at Stage 3 
Zi3, 213 = composite section modulus of bottom fiber referred to c.g.c 
Zi, 23 composite section modulus of top fiber referred to c.g.c 


Yis, Yis = distance from bottom fiber to ¢.g.c., 


Ys, Ys distance from top fiber to c.g.c.; 


in which by is spacing of beams on centers or width of top flange 
jj 
Derivation of chart equation for Stage 3 
Let us consider as an example a prestressed precast I-beam, heavier flange 
at the bottom, on top of which is a cast-in-place slab. The I-beam is not 
propped when the slab is cast. After the slab has hardened, the forming is 
removed, and a service load is superimposed carried by the composite beam 
(see Fig. 5 and Table 5). 
Loading and stressing stages are as follows: 
Slage 1 
Self weight of precast I-beam + initial prestressing 
Axial force = F, total moment = M, + FE 
Slage 2 
Self weight of precast I-beam + reduced prestressing + load of cast-in-place slab, 
diaphragms, forming, etc. 
Axial force = » F, total moment = M, + FE 
Stage 3 
Loading as for Stage 2 less forming + superimposed service load 
Axial force = 9 F, total moment = M7 + FE 
The weight of forming after dismantling is replaced by service load. 
Economical design requires full utilization of the lever arm of the internal 
couple and full utilization of concrete stresses. Accordingly, the following 
extremities of concrete stresses are to be reached: 


Slage 1 Slage 3 


f; = maximum allowable compression 


far = 0 
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TABLE 5—DESIGN OF COMPOSITE SECTIONS BY TABLES 
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The derivation of chart equations is based on requirement of no concrete 
tension for Stage 3 expressed by f;; = 0. Such conditions will be fulfilled 
by the following relation of stresses: 


(a) 


Expressing the above stresses by the standard formulas, the equation of 
stresses takes the following form: 


F FE M, M, 
= re 5. -—+- = 0 (b) 
A Z\ Z; Zi3 
It is safe to assume the full value of losses in prestressing at Stage 2. Apply- 
ing the appropriate signs for moments, the more developed form of Eq. (b) 
in terms of the abbreviated small letter symbols (h = 1) is 


n ah? yo fi ' n ah® ey» f; var, h? L2 M, 


—~ = 0 (ec) 
ah* 2, h; Zi, h 

in which re = a’/a, a’ = a + O.15nb; + 0.04nb,; 0.15nb; = cross-sectional 

area of cast-on slab; 0.04nb; = equivalent cross-sectional area of diaphragms 

and forming, when the diaphragms are cast monolithically with slab. Sub- 

stituting for hin Ieq. (c) the expression obtained from Eq. (14), 


vy lL? 


h= 
Si (eye #) 


the following form of chart equation is derived 


y® L (ey yp)? Z 
b= = 


M,f;? ‘ aly (re + na) CY2 (Te n)| Z13 
Completing the set, the known equation of Stage 1 [Eq. (14)] is used: 


vy L? (2) 

= = Cl 21;) 
ti h ' 

Letting 2; = 2); and rg = 1, the Eq. (21,) takes the form identical with the 
form of Eq. (142) for two stages. This proves the validity of the fundamental 
equations, because the derivation of the above equation is based on the 
standard formulas; moreover, this enables us to employ the chart in Fig. 3 
for the composite section design independently from the charts in Fig. 5. 
Particular cases 

The I-beams are propped when slab and diaphragms are cast. As a result 


of such conditions we may write rz = 1 and Eq. (213) takes the following 
form: 
y®? LL (@Y2 “ Z, 


> = a 
M, fi? alu (1 + na) eye (1 n)| Z13 
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The moment due to self weight of the slab and diaphragms is to be included 
in M,. 


Example 4—Illustration of charts in Fig. 5 


It is intended to design a prestressed concrete bridge spanning L = 80 ft and carrying service 
load M, = 11.5 X 10° in.-lb (compare with Examples 2 and 3). A longitudinal prestressing is 
to be designed for composite beams made of precast prestressed I-beams on top of which is a 
cast-in-place slab. Assume q = 0.85. 

The chart is based on the requirements of economical design for steel and concrete 


The lever arm of the internal couple is maximum by assumption of minimum ¢ 0.075 


& 
2. Assuming the maximum allowable concrete stress to be 2300 psi, the extreme concrete 


stresses to be reached are: 


Stage 1 


First step —Compute 1000 ® by using the known formula, Iq. (214) 


1.562* &* SO! 
x 10° K 2300 
from which 1000 @ = 16.41. 

Second slep—Let us select a beam with top flange width b 1.56). The curve representing 
such a beam is not shown in the chart and therefore has to be interpolated logarithmically 
Following the dashed line, enter the chart (Fig. 5) at L000 @ = 16.41, proceed right to location 
of interpolated curve for b; and read the value b; = 0.477. The value of 100 A 9.28 may 
then be read from the lower part of the chart. The functions 100 N and 1000 @ represent 
Iq. (21,) and (21;) respectively. Thus, mathematically, leq. (21,) and Iq. (214) are satisfied 
simultaneously by the common number b; = 0.477, which is the root of equations 

Third ste Pp The last unknown h can be calculated from the known formula A vy L*/hf, from 
which 

vL? 1.562 & 80 
h=——s= 16.8 in 
Nf, 0.0928 * 2300 

A similar procedure applies when Table 5 is used instead of charts. Finally, since the out 

line of cross section is known, the values of cross-sectional properties can be calculated by 


geometry or by the aid of Table 5 as follows: 


h 16.8 in. yh 20.62 in 

he = 2190 sq in. ; = ch 3.51 in 

h® 102,500 cu in y > Y 17.11 in 

B, bh = 22.36 in , h F 26.18 in 

B, bh = 14.04 in = Wah 30.14 in 

B, nhbjh = 33.54 in = yA = 23.68 in 

B = 7.02 in ah? 500.0 sq in 

7; th = 7.95 in 1 + O.15nb yh 735.0 sq in 


Ts th = 7.02 in A,’ A + O.1N9nb Ah 797.0 8q in 
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Interpolating from Table 5,1 = 0.02548 and i, = 0.05507 
i ,; F Aysf; = 642,500 li 
Z, = —h* = 5930 cu in. ef 
M, vAL? = 5,000,000 in.-lb 


Yi 
M, = vA,’ L* = 7,970,000 in.-lb 


1 
Zi, = — h® = 8775 cu in. 
Ya Mr M:+M, 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1957, for publication in the Part 2, December 1957 Journat. 





Title No. 53-55 


Effect of the Specific Surface of Aggregates on 
Consistency of Concrete’ 


By B. G. SINGH# 


SYNOPSIS 


The specific surface of aggregate for concrete was measured by the water 
permeability method, and its effect on the consistency of concrete was ex- 
amined. A wide range of gradings, including extreme gap-gradings, was tested 
The range of mix proportions and aggregate normally used in practice was 
included. 

Results show that the specific surface affects the consistency markedly 
Aggregate gradings of the same specific surface, for practical purposes, have 
the same concrete making properties. However, as the specific surface of the 
aggregate increases, consistency becomes stiffer, other factors, being equal 


INTRODUCTION 


As early as 1918, kedwards' studies indicated the effect of the specific surface 
of aggregate on the consistency of concrete. This was followed by the work 
of Young,? many of whose arguments about the effect of the specific surface 
are still valid. He should be credited with giving the idea impetus at that 
time. The idea was discredited, however, when Abrams* produced results to 
show that the important factors affecting strength and consistency were the 
W/C ratio of the mix and the fineness modulus. He denied any connection 
between fineness modulus and surface area per unit weight of aggregate. 

It had been known for some time, however, that when the fineness of a 
given percentage of said or its percentage in the combined aggregate was in 
creased, more water had to be added to maintain a given consistency. And 
though finer gradings gave a lower fineness modulus which was used to explain 
the additional water requirement, it was known that different gradings with 
the same fineness modulus could have different concrete making properties. 

Many complex factors affect consistency and should be the subject of much 
future research. In the present investigation however, the main factor in- 
vestigated was the effect of grading of aggregate passing the *,-in. sieve and 
retained on the No. 200 sieve. Total absorption value for the different grad- 
ings varied little from 1.5 percent and could be considered constant. The 

*Received by the Institute Feb. 25. 1956. Tithe No. 54-55 is a part of copyrighted Joumnat ov THe AMeRICAN 
Concrete [netirutre, V. 28, No. 10, Proceedings V. 53. Separate prints are available at 50 cents each. Disewssion 
copies in triplicate) should reach the Institute not later than Aug. 1, 1957. Address P.O. Box 4754, Redford Sta 
tion, Detroit 19, Mich 


tMaterial and Research Engineer, Departinent of Works and Hydraulics, Port of Spain, Trinidad, British West 
Indies 
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aggregate used was river gravel, and for practical purposes particle shape may 
be considered a constant factor. 


TEST METHODS 


Water was added to the cement and fine and coarse aggregate (placed in 
the mixer in this order) and immediately mixed for 214 min in an open pan 
type counter-flow high efficiency mixer. Range of grading, mix proportion, 
and consistency tested cover that normally used in practice. All proportioning 
was done by weight. 


Specific surface 

The method of measuring the specific surface was similar to that used by 
Loudon* and the method of varying the specific surface of the aggregate is 
described by Newman and Teychenné.’ The grading used varied from con- 
tinuous grading to extreme gap-grading with all particles passing the 3/16-in. 
sieve and retained on the No. 52 sieve excluded. 


Consistency 

Three methods used for measuring consistency* of the concrete simul- 
taneously, were: (1) the compacting factor test® (usually abbreviated CF 
test); (2) the Vebe consistometer test’ and (3) the slump test. 

In the compacting factor (CF) test, concrete is allowed to compact itself 
by falling under standard conditions. The density achieved is expressed as 
a ratio of the density of the fully compacted concrete. Thus concrete of 
greater plasticity will give a higher CF value. 

The Vebe consistometer test was developed in Sweden, and its use is usually 
recommended for vibrated concrete. The time taken to vibrate the concrete 
in a slump cone to optimum compaction with the standard equipment is 
measured in seconds. The time in seconds, may be taken as the Vebe de- 
grees. Thus the more plastic concrete gives a lower number of Vebe degrees. 


Bleeding 

To test the effect of specific surface of the aggregate on bleeding (i.e., the 
water expelled from concrete in the process of hardening) measurements on the 
“fat”? mixes were made. The fresh concrete was carefully compacted in 4-in. 
cube steel molds with cleaned joints, suitably greased, and placed in a moist 
air cupboard at 92 percent relative humidity. All water expelled from each 
cube was carefully absorbed on filter papers which were placed in a stoppered 
test tube and weighed. After the papers dried it was again weighed; the change 
in weight gave the expelled water. The method gave fair reproducibility. 


CONSISTENCY TEST RESULTS 


In Fig. 1 the results obtained from the Vebe and CF tests are plotted against 
the specific surface of the aggregate for various mix proportions and W/C 
ratios. For a given mix proportion and W/C ratio, consistency is thickened 


*Additional information on consistency test procedures is available in the ‘‘Current Reviews" section of the 
ACI Joumnat, June 1946, Proc. V. 42, p. 727; and Dee, 1947, Proc. V. 44, p. 343-——Eprror. 
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TABLE 1—CONSISTENCY OF CONCRETE FOR AGGREGATES 
Aggregate 


Cement Grading, percent retained between given sieves* 
No, Grading 
No. No. 52 No. 25 No. 14 No.7 3/16 in 
and and and and and 
No. 25 No. 14 No.7 3/16 in. % in 


500 


500 
500 24.0 


*British standard sieve numbers 


as the specific surface of the aggregate is increased. As the specific surface 
of the aggregate is increased more water is required to maintain a given con- 
sistency. The relation shown however tends to break down for combination 


with low specific surfaces, 7.e. gradings that are harsh. 


"el 7 








PER 4 CUBE (Gms.) 














BLEEDING 




















Fig. 2—Single curve obtained 

when allowance is made for 

water, proportional to the 
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EFFECT OF SPECIFIC SURFACE OF AGGREGATES 


WITH CONSTANT SPECIFIC SURFACE OF 32.0 CM PER G 


Consistency 
Mix | : 6 (by weight) Mix 1 : 4% (by weight) 
19.8 lb cement per cu ft concrete 25.2 lb cement per cu {t conerete 
Surface Fineness 
modulus | modulus | 
Slump ‘fk Vebe j |} Slump ; Vebe 
em deg | em deg 
0.5 


0 


If bleeding is plotted against various W/C ratios for constant mix propor 
tions, aggregates of various specific surfaces give separate curves. However, 
when allowance is made for water proportional to the specific surface of the 
aggregate a single relationship is obtained (see Fig. 2). It would seem that 
as the specific surface is increased more water is held by the aggregate sur- 
face, and as a result less is liberated. The amount of water associated with 
the surface may seem high, but its physical significance is discussed later on. 

If a certain amount of water is required per unit of aggregate surface to 
produce a given consistency, then provided that extremes are avoided, con- 
sistency will be sensibly constant if the specific surface of the aggregate is 
constant. In Table 1, results are given for various gradings with constant 
specific surface, mix proportions, and W/C ratio. It will be seen that con- 
sistency is approximately constant under these conditions. All these results 
are in close agreement with the assumption that a certain minimum amount 
of water is required to wet the aggregate surface, and this amount of water is 
not negligible. 

When efforts were made to predict consistency on the basis of the associa- 
tion of water with (a) the surface of the aggregate, and (b) the cement, it 
was found that richer mixes under identical aggregate conditions have a greater 
plasticity. This result should be expected since a mix with more fine particles 
such as cement will be more plastic and compact more readily. It is also 
well known that the physical properties of a cement affect consistency quite 
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independently; the finer a cement is ground, the more water is required for 
its standard consistency. While cement of the same fineness though of different 
manufacture may affect consistency of a concrete quite independently, the 
water required for standard consistency should be the most important factor, 
especially if the consistency of the concrete is measured immediately after 
mixing. Taking the CF test as an index of consistency of the concrete, the 
following was analyzed statistically: 


1 K, CP Ky CNS, 


CF” W To 

weight of the water in the mix 

weight of cement in the mix 

water required as a proportion of weight of cement, for its standard con- 
sistency (BSS 12:1947) 

ratio of aggregate to cement by weight 

specific surface of the aggregate, sq em per g 























- 
4 
4 
r 
z 
~ 
2 
a 
lad 
a 
a 
ul 
— 








FACTOR 














} 
| 


| = 


To o7s Qo 60 °-6s5 . Qo 965 100 





COmPACTING 

















Compacting Factoe CALCULATED From Eauarion (6) 
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Fig. 3—Compacting factor (experimental) plotted against compacting factor calcu- 
lated from Eq. (2) for various mix proportions and aggregate gradings (% in. maximum 
size of aggregate) 
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Fig. 4—Compacting factor- 
slump relationship for various 
gradings and mix proportions 
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K,, Ke, and K;, determined statistically in respect to the experimental 
results were 1.21, 0.0005 and 0.0604, respectively. 


Thus substituting in 
Eq. (1) and transposing: 


le W c 
CF = (2) 


1.21P + 0.0005 NS, + 0.0604 NXW/C “ 


The CF results obtained experimentally are plotted against values obtained 
from Eq. (2) in Fig. 3. To some extent the scatter shown is due to harsh- 
ness of some of the gradings used. It should be noted that all the factors 
considered are significant. 

The sensitivity of the CF and Vebe tests for the more plastic range is 
approximately the same. However, for stiffer concrete, the Vebe appears to 
give a slightly better indication of the physical condition of the concrete. 
Fig. 4 compares the results obtained from the CF test and the slump test. 
The insensitivity of the slump test over a wide range as compared with the 
CF test is well illustrated. 


Results of bleeding plotted against CF (see Fig. 5) show that consistency 
is closely related to the amount of water liberated after the fresh concrete 
has been placed. Though the relationship is not linear, this general trend is 
one which should be expected as most of the factors affecting bleeding also 
affect consistency. 


DISCUSSION 


Aggregate surfaces are irregular and never absolutely smooth; the degree 
and kind of irregularity depend on the type, size, and orientation of the 
crystals forming the surface of the material. When the surface area of a 
particle is calculated by a mathematical formula based on an assumed shape, 
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Fig. 5—Relationship between bleeding and compacting factor for various gradings and 
mix proportions (Cement No. 499) 


a perfectly smooth surface is postulated and the area obtained by this method 
may only be a fraction of the physical surface of the particle. Also when 
different methods are used for determining the specific surface of a group 
of particles, different values are obtained and the values are largely defined 
by the method used. Each method presumably measures different surface 
properties of the same group of particles. 

In the case of concrete mixes, the surface that is of importance (say the 
effective surface) is that available to the relatively small water molecule 
and is a quantity that is extremely difficult to determine. Thus the specific 
surface of aggregate particles measured by any known method may not be 
related to the specific surface that affects consistency. For this reason no 
claim can be made that the water permeability measures the effective surface; 
although what is measured by this method will be proportional to effective 
surface. For the same reason also, not much physical significance could be 
given to the water held per unit area allowed for in Fig. 4. Thus the results 
apply only to aggregate similar to that used in the test and are not applicable 
for different aggregates. 

Particle size distribution affects concrete consistency to a limited extent, 
even though the aggregate’s specific surface is constant. Thus the suggestion 
that the same type of aggregate with equal specific surface, the same W/C 
and mix proportions, gives concrete of identical consistency is only approxi- 
mately true. For practical purposes, this approximation does not lead to 
serious error if the range of particle size distribution is restricted. 
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As the fineness of aggregate particles approaches the fineness of cement, 
the particles tend to behave as cement. Thus, of two gradings of the same 
type of aggregate having the same specific surface, the one that has the greater 
amount of fine particles will produce a slightly greater plasticity, provided 
harshness is avoided. In order to avoid harshness with an aggregate con- 
taining excessive fine particles, a higher specific surface is required, which 
leads to an increase in W/C and decrease in strength for the same consistency. 

Although aggregates graded over a restricted range with constant specific 
surface and mix proportion give concrete of approximately the same con- 
sistency, resistance of the concrete to segregation may vary widely. For 
instance, concrete made with a gap-graded aggregate is more likely to suffer 
from segregation than one made with a continuous grading. It seems that 
the particles of intermediate sizes tend to restrict the movement of the fine 
relative to the coarse in the mix. 
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Title No. 53-56 


Analysis of Continuous Arches on Flexible Piers*® 


By WALTER E. RILEY t 


SYNOPSIS 


Paper demonstrates the applicability of the moment-distribution method 
when combined with principles of superposition to the practical analysis of 
continuous symmetrical arches on flexible piers. The calculations are sim- 
ple, and all operations of multiplication and division may usually be performed 
with sufficient accuracy on a 10-in. slide rule. 


INTRODUCTION 


There seems to be a feeling among some engineers that the moment- 
distribution method is not applicable to continuous arches because of the 
problem of the distribution of thrusts. It is true that the continuity of the 
arches and piers affects the original arch thrust, but the determination of the 
amount of change is simple as will be shown later. It is assumed that the 
reader is familiar with the Cross method of distributing fixed-end-beam 
moments. ' 


The writer is aware of the modified moment-distribution method suggested 
by Professor Cross for multiple arch analysis wherein moments and thrusts 
are distributed about a “neutral” point in the pier.t However, since the 
principle of moment distribution involves the rotation of a joint where two 
or more members intersect, and the subsequent effect of this rotation on the 
original fixed-end moments, it seems more logical to investigate joints as in 
rigid frames. 


Notation 


E modulus of elasticity N shape coefficient ratio of the drop 
{ = moment of inertia of member of arch axis at the quarter point to 
I, moment of inertia of arch at crown the rise of arch, h 
, 
L = span of arch or height of pier M = bending moment 
k = coefficient for stiffness of member 
{ for prismatic member M' ap initial fixed-end moment of member 
K relative stiffness factor—a ratio of AB at A. May be due to transverse 
moment of inertia of member to load or displacement A 


length or span of member = J/L Man = moment of member AB at A 


*Received by the Institute May 21, 1956. Title No. 53-56 is a part of copyrighted JounnaL or THe AmMBRICAN 
Concrete Inetritrure, V. 28, No. 10, Apr. 1957, Proceedings V. 53. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1957. Address P. O. Box 4754 
Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Consulting Engineer, Phoenix, Ariz 

{See reference 1, pp. 152, 153. 
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= initial moment of arch at crown. A relative linear displacement of one 
May be due to transverse load or end of arch with respect to other end 
displacement A H thrust in arch at crown 
initial thrust at crown for fixed-end 
= moment of arch at crown arch 


STIFFNESS FACTOR 


The absolute stiffness factor, which is the bending moment required to 
rotate the hinged end of a member through an angle of one radian while 
the opposite end remains fixed, is kE//L. The stiffness coefficient k for the 
piers whether they be of uniform or tapered cross section may be secured 
from standard tables.* To obtain the stiffness factor for an arch, the column 
analogy® is helpful. 

Utilizing Whitney’s nomenclature’ of 


where /, equals moment of inertia of arch at springing and 0, is slope of arch 
at springing, the absolute stiffness factor for an arch is found to be: 


i : [+ -(-4")G) J 


re | 
(2) (EG?) 46225 


This expression? compares with 4#£//L for a prismatic member. For a 


value of m = 1.0 and N = 0.25 which is a parabolic arch with a secant variation 


TABLE 1—EXACT VALUE FOR NUMERATOR TO REPLACE [ - (' + "\(5 )} 


IN EXPRESSION (1) 


Table produced by subtracting from unity the values given in Whitney's Table 17 (see reference 4) and 
then squaring the result. 


m =0.15 0.20 0.25 0.30 0.40 


0.6239 0.6050 5878 5721 5448 
0.6330 0.6142 5971 5816 5541 
0.6424 0.6236 6065 5911 5639 
0.6519 0.6331 6162 6006 5735 


0.6615 0.6427 6258 6104 5BS4 
0.6711 0.6525 6357 203 5935 
0.6810 0.6624 6458 6304 6037 
0. 6909 0.6726 6559 6406 6140 


0.7009 0. 6826 6662 6511 6246 
0.7112 0.6951 6767 6618 6354 
0.7215 0.7036 6874 6726 6464 


Note: Multiply all coetficients above by + 


*See reference 2, p. 155 

tNote that the third term of the expression represents the mean of a family of curves and it is not exact. The 
family of curves can be plotted using Whitney's values for ye and 2 y? de as given by Cross (reference 2, 
p. 303) 
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TABLE 2—EXACT VALUE FOR DENOMINATOR TO REPLACE 
4 1 + 3m 1+m . 
45 (3 re =) ( 2 )h IN EXPRESSION (1) 


This is the same as Whitney's Table 18 (see reference 4). 


0.15 2 0.25 0.30 m 0.40 m = 0.50 
O329 0370 0410 O448 0520 0 0588 
0320 0361 0400 0437 0509 0.0577 
O312 0352 0390 0428 O4US 0.0566 
0302 O442 0380 O417 O486 0.0553 
0294 0332 0370 0407 OATS 0 O541 
O285 0323 0361 0306 0466 0 0530 
0276 0314 O351 O386) O4SS 0.0519 
0267 0305 O341 0376 0444 0.0507 
0258 0205 O351 0366 0482 0.0496 
0250 O286) O322 O456 O422 0 0484 
O241 0277 O346 O4346 OAL! 0.0472 


Note: Multiply all coefficients above by 


of /,* the above formula is exact. For lesser values of m there is a slight 
error in the third term as it represents the mean of a family of curves with 
N varying from 0.15 to 0.25. For structures where extreme accuracy is re- 
quired, the exact value of the numerator of the third term may be secured 
from Table 1 and the exact value of the denominator from Table 2 


FIXED-END MOMENT AND THRUST 


From influence lines for fixed arches,4 the crown thrust and fixed-end 
moments may readily be found (see Fig. 1 and Fig. 2). Positive values in 
Fig. | indicate compression in extrados; negative values indicate tension, 
from which proper sign of moments on joints may be determined. 


CARRY-OVER FACTOR 
The moment induced at the fixed end of a member by rotating the hinged 


end through an angle of | radian is 24//1 for a prismatic member. For 
an arch, the moment induced is: 


3 


| + om ] 
+ 2m 


Note that the above expression is identical with expression (1) except that the 


sign of the second term is negative. For exact value of third termt use Tables 
1 and 2. Since the carry-over factor is the proportion of applied moment at 
the hinged end carried over to the fixed end, the carry-over factor for an 
arch is: 


*The moment of inertia J of arch varies as the secant of the inclination of the axis from the horizontal, 
tSee second footnote, p. 1000 
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Fig. 1—Influence lines for moment M’. Based on the paper by Whitney (reference 4) 


C= i inca 
Expression (1) ) 


Note the minus sign. This is important. It is based on the sign convention 
that a moment acting on a joint is positive if it tends to rotate joint clock- 
wise. Carry-over factors for the piers may be found in standard tables and 
are positive. 


JOINT RESTRAINTS 


The effect of continuity on the original fixed-end moments is determined 
by unlocking the joints and distributing the fixed-end moments in the usual 
manner. It is to be noted that the joints are held against translation by 
“joint restraints” at this time. To find the value of the joint restraints 
appropriate “free bodies’ are considered upon which the moments found 
above are acting in addition to the external loads. At least one free body 
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Fig. 2—Influence lines for Oll Q2L O3L O4L ASL 
crown thrust H’. Based on O.30 | | 


the paper by Whitney (see 
reference 4) 
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will require knowledge of the change of thrust in the arch after fixed-end 
moments have been distributed. This can be obtained from the equation: 


4OM,_+AM 
A Mc = ~ — AHh 
2 
where: 
A Me change in crown moment 
AM, = change in left springing moment Positive value when compression in 
A Mer change in right springing moment extrados increases. Negative value 
SH = change in arch thrust for decrease. 
h height of arch 


Knowing the value of A M,; and A M, for a unit rotation, it is a simple matter 


to find 4 Me for same unit rotation by further application of the method of 
column analogy which gives: 


meraics 

; 2 3 2 
4/1 + 3m 1 +m : 
a(; t 316 2 )) 


/ 
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TABLE 3—EXACT VALUE TO REPLACE TERM ( as "\(5) IN EQ. (5) 


This is same as Whitney's Table 17 (see reference 4) 


N m=O.15 m = 0.20 
0,25 2101 2222 23347 : 0: 
0.24 2044 2164 227: 2: 0.255 
0.24 1085 . 2103 2: 
0.22 1926 . 2043 
0.21 1867 1983 
0.20 1808 1922 
0.19 1748 1861 
0.18 1688 1799 
0.17 1628 1738 
0.16 1567 1675 
O15 0.1506 1612 A 1709 1960 


Note: Multiply all coefficients above by h 


The equation is exact for a parabolic arch with secant variation of J, m = 
1.0, and N = 0.25. If extreme accuracy is required for other values of m 
and N, use Table 2 for value of denominator in second term;* use square 
root of values of Table 1 for first quantity in numerator and use Table 3 
for the value of the second quantity. 

A negative value for A M~> indicates that moment at crown is of opposite 
character to moment at springings. It is then possible to set up an expression 
for A H in terms of A M, and A Myx. By adding or subtracting the value of 
A H to the original H’ value from Fig. 2, it is possible to find the joint restraint 
at the intersection of two arches by taking moments at the crown of one of 
the arches and considering the free body composed of pier and half arch. 
The crown moment is merely the original moment plus A Me. It is possible 
to determine the restraints directly from the distribution of moments but 


the free-body method is used here since many engineers use this system for 
gabled rigid frames, and it is a continuation of an existing practice. 

A good check on all the previous work can be made by noting that the sum 
of vertical loads and reactions equals zero, and that the algebraic sum of the 


abutment thrusts and shears at pier bases equals the algebraic sum of the 
joint restraints. The importance of this self-check cannot be overemphasized 
as the classical methods based on least work require for, say a four-span 
arch, the solution of 12 simultaneous equations in addition to requiring 
many calculations which must be made on a machine to give the desired 
accuracy, and an error may not be found until the very end. Even after it 
is realized, it is very disheartening to go through the many calculations to 
find the error. 


JOINT TRANSLATION 


The thrusts from adjacent arches are not equal at the top of the flexible 
piers unless arches are identical and loading is symmetrical. This unbalanced 
thrust bends pier and causes arch spans to change length, which creates 
moments in arches and piers. The effect of this translation may be deter- 


*Second term represents mean of a family of curves. See footnote, p. 1000 
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mined by moving a pier top a unit distance A while the other pier tops are 
held. For pier of constant cross section, the fixed-end moment is 6K //L*. 
If pier is tapered, fixed-end moment is [k(1 + C) EB J|/L*% For a sym- 
metrical arch a displacement of A produces 


Moments at springline = 


Kq. 6 can be determined by the column analogy. If exact values are re- 
quired, use Table 2 and the square root of values of Table 1. The actual 
amount of translation at each joint is not needed as correction factors are to 
be applied to A. The fixed-end moments due to displacement A are distributed 
in the usual manner and reactions and joint restraints determined for each 
condition. Reversing the joint restraints of the original distribution allows 
piers to translate unknown distances. The magnitude of the movements, 
however, must be such that the combined forces at each pier top due to 
A equal the original joint restraint. This can be solved as we can set up as 
many equations as there are unknowns and thus determine the correction 
factors. The above constitutes a basis for correcting distributed moments 
of the arch system for the effect of pier translation, and the results may be 
used repeatedly for other loading cases. The importance of the above step 
cannot be overemphasized as the analysis of any other loading on the arch 
system merely requires determining fixed-end moments, distributing same 
while joints are held against translation, and then finding joint restraints. 
Kquating these joint restraints to the translational forces which already have 
been found gives the correction factors to be applied. This then makes 
possible quick analysis of rib shortening, temperature change, abutment 
rotation, pier base rotation, or pier settlement. 


ILLUSTRATIVE EXAMPLE 


To illustrate this method of analysis, Cross and Morgan’s four-span con- 
tinuous arch* will be analyzed. The controlling dimensions are shown on 
Fig. 3. In accordance with Whitney’s classification, m = 0.40, N = 0.20. 
The piers for convenience are assumed to have no batter and are 80 in. thick. 
A load of 0.200 kip is applied at center of span CD. Arches and piers are 
assumed | ft ‘vide. 


Based on expression (1) the stiffness factor for each arch is 


EJ Bil. . &!I 
0.7L O.18L ” 0.0831 


Kl 
= 19.0 
I 


From Eq. (3) the carry-over factor for each arch is: 


*See p. 325 of reference 2 
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Fig. 3—Cross and Morgan's four-span continuous 


E I, El, El, 
O.7L O0.18L 


19.9"! 
eo 


Relative stiffness factor for arches and piers: 


19.0 (1.33)8 
50 


Kas = Ka = = 0.90 


19.0 (1.85)* 
- ——— = 1.60 
iv 
19.0 (2.40) 
7 100 


= 2.62 


19.0 (1.45)* 
= = 0.99 
60 


+ : - 
0.083L Expression (2) 
Expression (1) i 


4 (6.65)* 
20 


4 (6.65)* 
30 


4 (6.65)' 
—e 


Fixed-end moment and thrust of loaded arch CD are: 


0.257 PL — 0.257 (0.200 kip) (100) 
h s 40 


Thrust H’ = = ().128 kip (Fig. 2) 


M' pe = M'cn = 0.054 PL = 1.08 (Fig. 1) 


Distribute fixed-end moments with pier tops held against translation as shown in Fig. 4. 
Determine A Me and A H for arch rib by applying a moment at left end causing a unit rotation 


[Eq. (5)]: 


El, El, 2.25E I. 


Mc = - = — 
©" O7L  0.273L L 
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Fig. 4—Distribution of fixed-end moments with pier tops held against translation 


19.0E I, , , , 
— From statics: V = 


LILI, 


cK: 


Utilizing Eq. (4) and substituting above 
values: 


(AM, +A Me) 
12 


4M, 


7 (AM, + AMn 
12h 


OH 


Determine reactions and joint restraints R by 
taking free bodies as indicated in Fig. 5 and 6. 


008 t .00/ 
V +0004 


V is found by taking moments at C 


(+0.016 + 0.039) 
Mc=AM, = - = —0.005 


12 .200 
. ee .039 
By taking moments at crown and considering 


2 2 2 «, 970 
forces to left Rg = 0.002. Re M72 t Cc Me? .9S a 


- 


V is found by taking moments at D. 0004 
Mc’ = 0.047 PL = 0.940 (Fig. 1) 


(— 0.098 — 0.110) _ 
A Me — = 0.017 


12 412 4~ 0472 


Mec = 0.940 + 0.017 = 0.957 - 
; OD 9S 
Re (found by taking moments at crown) is V 


0.172. Fig. 5 
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Me" .004 In this case the thrust from arch to left must 
970 )-~._ 00 be considered. 
H+ 1/25 —~T=R, :/60 ye ool 0.257 
: O oO: £ H’ =- gl PL = 0.128 (Fig. | 
./001 Bos 
7 (— 0.098 — 0.110) 
H ee 
12 (40) 
= (128 — 0.003 = 0.125 
(0352 —.469 H ).12 OS 125 


t —" (0.032 + 0.013) - 
V:.0998 7. ea 12 


= — 0.003 


Fig. 6 Taking moments about crown, Rp = 0.160 


Check 2 H = 0 Check 2 V = 0.2000 
—>().209 0.0004 
—().209 0.0995 

0.0998 
0.0003 
().2000 


Displace joint C a unit distance 4 and distribute moments; all other joints held (see Fig. 8). 


15.7K 1, 


Lh 


| + m h 
1.75K he 2 3 


M’ = [( Bq. (6)| 


aia [) (enyay tered 


bE KA 6( 6.65) 
VM: G*= M' ox = 1s " = 1.08 
L (30)? 


IS.7E 1.4 15.7 (2.4) 
« 


M' nce = Men 
Lh 100(40 ) 


= ().054 


15.7 (1.85) 
M'ca = M'ac "= 0.038 
75 (35) 


~ 42} 038 


029 


Fig. 7—Distribution of fixed-end moments for unit displacement A of joint Cc 
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Fig. 9—Moment distribution for unit displacement A of joint D 


Distribute fixed-end moments as shown in Fig. 7 and determine reactions and joint forces 
F by free-body method (see Fig. 8). 
Displace joint D unit distance A and distribute moments; all other joints held (see Fig. 9) 


15.7E I, 15.7 (2.4) 
x 
Lh 100 (40) 


M' nx = iM’, D = O.054 


15.7E J, 15.7 (1.46)* 
= « = ().028 
Lh 60 (30) 
6E I 6 (6.65) 


M' np = M'pun I? x (40)? 


= 1.108 


Determine reactions and joint forces F by free-body method. Results are shown in Fig. 10 

Ignoring joint restraint Rg, since it is very small, allow pier tops to translate by reversing 
direction of Re and Rp and equate to joint forces for A at C and D. Let X be correction factor 
for A at C:; Y be correction factor for A at D. 


0.172 = — 0.0524 X¥ — 0.0074 Y 
+ 0.160 = — 0.0059 X + 0.0265 Y 
X = 2.50 
Y = 5.49 
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/ 0003 
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.00022 
Fig. 10—Joint forces and reactions for A at D 


+3957 

+.073 *.029(2.50) 

+ /38 = .025(S549) 
+ 1.468 *Mc 


Cc oY 
- 982 \ 
167 (250): +.4/7 - 235: -094(2.50) 
.083(5,49)++.455 - 740+ --/35(549) 
Meo bili 4/0* -.005'* = Moc 
Fig. 11 


Je 

‘ 
: 
' 


+,.970 


Determine Mep, Mpc, and Me for span CD. Minus sign at left springing indicates com- 
pression in extrados, plus sign at crown indicates compression in extrados, minus sign at 
right springing indicates tension in extrados (see Fig. 11) 


Determine thrust H in span CD 


20.41, 20.4 (2.40) 


=_— = — 0.0018 
Lh? 100 (40)? 


H' due to aA 


: 7( 0.113 — 0.040) 
AH for X = . = 0.0022 
12 (40) 


, 7 (— 0.029 0.081) 
A H for } = = 0.0016 


12 (40) 
+ 0.125 (See calculation for Ry) 
0.010 = 0.0040 (2.50) 
0.019 = — 0.0034 (5.49) 
Hen = + 0.096 kip = final thrust in span CD 


Comparison of the results of the illustrative problem with the analysis of 
Cross and Morgan? indicates the error of neglecting the 0.002 kip joint re- 
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Fig. 12—Vertical displacements for temperature drop 


straint at B and not using Tables 1, 2, and 3 is only 2 percent. If the tables 
had been used and the joint restraint at B considered, the results would be 
practically identical with the elastic theory or methods based on work done 
by deflection of members. 


TEMPERATURE EFFECT 


Effect of decrease of temperature of t deg may be analyzed by determining 
fixed-end moments, distributing same and then finding joint restraints. In 
this case, it will also be necessary to have available the joint forces and re- 
actions due to a displacement at B (see Fig. 12). The equations will be of 
the form, where F is joint force due to A: 

Rp = FgX + 
Re = FcX 4 
Rp DX + 


a} 
eY 
"DY 
Horizontal displacements are not shown. 

Fixed-end moment of arch due to a vertical displacement A, is: 


6 


EI.4 
1 t 3m ! + m Tr 
2 + 2m 2 , 


15.7E Ie Ae 
Lh 


M'an = + 


15.7E Ie Mt 
Lh 


M'pa = 


157B Ie 


M’, b= ? 


0.000006 Lt 


0.000006 Let 


0.000006 (La 


1O.9E 1, dy 
L? 


10.9EF I. & 
L’ 


1O.QE I, Au 
L? 


3,000,000 
1000 


(144 


L,)t 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1957 


ADAPTATION FOR DIFFERENT ARCHES 


It is hoped that this paper will be of help to the practicing designing engi- 
neer and will encourage him in the use of structures of this type. 

The writer would like to emphasize that the formulas given for stiffness 
factor, carry-over moment, and also the influence lines are for arches which 
conform to Whitney’s shape of arch axis and for his variation of moment of 
inertia of arch rib. If it is desired to use an arch which does not have this 
shape, expression (1) for stiffness factor should be used in its general form 
which is: 


(h — ye)? 


re yids 
El 
where y, is distance from elastic center to crown, z and y are measured from 
elastic center. Expression (2) then becomes: 


3 
Eq. (5) is then: 


l (h Ye) (Ye) | 
ea | 


Aa Me = 4 =e - - ees ( 


El EI ) 


Eq. (6) is altered to: 


| 


| 
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Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1957, for publication in the Part 2, December 1957 Journal. 





CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges 
Competitive designs of a bridge over 
the Savinjo River in Celj (in Slovenian) 
Joze Sranic, Gradbeni Vestnik (Ljubljana), No. 35-36, 
1955-56, pp. 59-73 
Reviewed by J. J. PotivKka 

Article is of great interest for it describes 
and illustrates winning projects, the leading 
being in reinforced and prestressed concrete. 
It is evident how beneficial such a procedure 
is for the citizens not only for the achieved 
economy (public money) in costs and main- 
tenance, but also for esthetic reasons, beauti- 
fying the cities and their surroundings, and 
the opportunities given to real talents, elimi- 
nating monopoly of design. Three leading 
prizes (200,000, 150,000 and 100,000 dinars) 
were awarded to concrete bridges; four other 
designs were purchased including a steel 
structure combined with reinforced concrete 
deck. The state specified only the location of 
the bridge, elevation above water, width of the 
superstructure with sidewalks, and the ap- 
proximate length. 
of bridge and other details were left for the 


Choice of material, type 
proposal of competitors. Designs were re- 
quired to contain general layout, basic design 
(including approaches), characteristic details 
if unusual structure was suggested, general 
costs 


structural analysis, estimate of and 


elear description. Such rational and demo- 
cratic procedure to acquire best solution of 
public works should be considered and used 
by many states and authorities. 
Following are elements which were con- 
judgment: (1) 


progress in bridge engineering; (2) originality; 


sidered in jury’s modern 


(3) possibility of construction; (4) basic cor- 


rectness of structural analysis; (5) pleasant 
architectural solution as space structure; (6) 


functionality; (7) costs and maintenance. 


Kentucky builds long continuous con- 
crete box girder bridge 


E. D. Smrru, Roads and Streets, V. 90, No. 12 
1956, pp. 82-84, 107 


Dee. 


A five-span continuous concrete box girder 
bridge crosses the Kentucky River near Lex- 
ington. Main 200 ft; 
girders, 11 ft wide, varying in height from 8% 


span is double box 
to 15 ft, carry two-lane road across river. In- 


cludes construction details, description of 
main design problems, bid prices, comparisons 


to designs in alternate materials 


Brief survey of Portuguese highway 
bridges (Bref apercu sur les ponts- 
routes Portugais) 


Car.os Couvreun, Memoires, Societe des Ingenieurs 
Civils de France (Paris), V. 100, No. 3, May-June 
1956, pp. 202-221 


Reviewed by Arnon L. Minsky 


If the bridges shown in the 41 figures in this 
paper are any criterion, Portuguese bridges 
Notable are the 
many concrete arches and other structures 


are among the world’s best. 


which, designed to suit the terrain as well as 
provide a means of crossing a stream or other 
obstacle, add to rather than detract from the 
beauty of the countryside. Recommended 


reading for bridge designers--and others. 


Economics concrete 


: 
bridges 
T. Y. Lin, Proceedings, Bighth California Street and 


Highway Conference, University of California, 1956, 
pp. 100-110 


of prestressed 


that 
alternative 


Discusses various factors enter into 


costs and cost studies of struc- 


tural systems for bridges. Includes compari- 


son of reinforced concrete and steel bridges, 


and prestressed concrete bridges: pre-ten- 


A part of copyrighted Journna. or Tue Amenican Concrete Inetirere, V. 28, No. 10, Apr. 1957, Proceedings 


V. 53. 
review 
language. 


Address P.O. Box 4754, Redford Station 
the book or article reviewed is in English. 


are not available through ACI. 
year. 


Detroit 19, Mich 
If it is followed by a foreign title the work reviewed is in that 
In those cases where the foreign title cannot conveniently be set in type or is not available, the language 
of the original article is indicated in parentheses following the English title 
Available addresses of publishers are listed in the June “Current Reviews" each 
In most cases ACI can furnish addresses of publications added later. 


Where the English title only is given in a 


Copies of articles or books reviewed 


For those members that cut apart this section for pasting on cards for card indexes, a limited number of compli- 
mentary reprints of the ‘Current Reviews” section are available from ACI headquarters on request 
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sioning versus post-tensioning, pre-tensioned 
slab trestle bridges, continuous bridges. Con- 
siders use of prestressed concrete for long 
spans and as prestressed piles for foundations. 
Concludes that generally speaking prestressed 
concrete bridges may be found to be economi- 
cal for lengths from 25 to 500 ft; for bridge 
foundations and trestle bents, prestressed 
piles may often be desirable and economical 
but each bridge must be studied by itself as a 
separate problem. 


Construction 


Truss for north-light factory 


Prefabrication (London), V. 3, No. 34, Aug. 1956, pp. 
458-463 


A new factory for Schweppes required 
columns spaced at 60x40 ft. North-light 
reinforced concrete trusses 60 ft in span are 
supported by 40-ft span valley beams. Trusses 
were formed by two separately cast 30 ft 
long triangular shapes connected by a pre- 
cast concrete strut and high tensile steel 
bolts. The strut is prestressed by tightening 
of bolts forming a 60-ft span simple truss. 


Roofing of Cleadon Reservoir 

Nioe. J. Rurece and Hvuau Torrennam, Proceedings, 

Institution of Civil Engineers (London), Part III, V. 5, 

No. 2, Aug. 1956, pp. 265-301 Lp=ye discussion) 
Reviewed by Aron L. Minsky 

Design and construction of a reinforced 
concrete domed roof of 160 ft diameter over 
an existing service reservoir. Floor of reser- 
voir is of “puddle,” hence intermediate sup- 
ports were not desired. Reservoir is in region 
of mining subsidence and has exhibited some 
tilt, corrected by making capping beam of 
variable thickness. Ring girder is of rein- 
forced rather than prestressed concrete (this 
occasioned considerable comment in the dis- 
cussion ). 

Dome design included analysis of edge 
effects, using an approximate method due to 
Geckeler. Appendix covers this method 
(pp. 286-288) and an alternate method which 
includes the effect of variation in shell thick- 
ness near the edge (pp. 279-286). 

Strain and deflection readings taken dur- 
ing formwork removal were disappointing. 
Dome apparently lifted from forms as con- 
creting progressed in stages, so that readings 
gave effects of temperature variations only. 
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New methods and treatment of vac- 
uum concrete (in Rumanian) 
V. Rosca and Dan V. Dumirnescu, Industria Con- 
ou si a Materialelor Constructii (Bucharest), V. 
7, No. 2, Feb. 1955, pp. 69-78 
Reviewed by J. J. Potivka 
Properties and advantages of vacuum con- 
crete are thoroughly described and recent 
tests and improvements in treatment, made 
by A. Coroeanu, E. Barbu and C. Ionescu, 
are presented, with reference to publications 
by 8. 8. Gordon, Ghersberg, R. L’ Hermite, 
Leviant, and V. Nicolau. 


Methods of reducing cost of concrete at 
construction sites by proper organiza- 
tion (in Rumanian) 
8. Suver and A. Sanprv, Industria Constructiilor si a 
Materialelor de Constructii (Bucharest), V. 7, No. 2 
Feb. 1956, pp. 78-86 
Reviewed by J. J. Potivea 

Costs of concrete at construction site are 
analyzed, and suggestions made for reduc- 
tions, especially as to the economy of de- 
livery and transportation of materials (aggre- 
gates, cement), preparing mixes at the site, 
transportation of ready-mix concrete. Costs 
of materials, labor, use of necessary equip- 
ment, overhead, etc., for various qualities of 
concrete are calculated and presented in 
tables and diagrams. Practical examples 
demonstrate how to use these data 
various conditions. 


under 


St. Lawrence Seaway projects: 


Dwight D. Eisenhower Lock 


Contractors and Engineers, V. 53, No. 12, Dec. 


1956, 
pp. 40-46 


Describes problems in concrete construc- 
tion which require particularly heavy pro- 
duction to maintain a tight schedule. Will 
require 530,000 cu yd of concrete for com- 
pletion. Illustrates the use of steel forms to 
reduce time on the forming operations. 


Massena intake 


Contractors and Engineers, V. 53, No. 12, Dee. 


1956, 
pp. 50-54 


This portion of the St. Lawrence project 
is a structure to regulate power and indus- 
trial water in the existing canal. Will re- 
quire a total of 180,000 cu yd of concrete and 
ten types of mixes. Problems of producing 
and handling this concrete are described 
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Long Sault Dam 
4. N. Mavrovpis, Contractors and Engineers, V. 53 
No. 12, Dee. 1956, pp. 6-10, 12-16 


Describes diversion plan for St. Lawrence 
River which allows contractor to coordinate 
work for four-stage construction of dam. De- 
scribes concreting operations now operating 
at a rate of 2500 cu yd per day. A total of 
240,000 cu yd will be required for the first 
stage construction, and a total of 685,000 
cu yd for completion of the project. 


Barnhart Island Powerhouse 
No. 12 


Contractors and Engineers, V. 53 
pp. 24-31 


Dee. 1956 
Describes concrete forming, placing, and 
production for second largest power facility 
150,000 
cu yd will be required this season at a rate of 
20,000 cu yd per week. 
were employed extensively on this project 


of the St. Lawrence project. Some 


Special steel forms 


Grass River Lock 


Contractors and Engineers, V. 53 
pp. 32-37 


No. 12, Dee 


1956 
Describes problems in aggregate and con- 

crete handling. Discusses particularly large 

earthwork quantities involved on this project 


of the St. Lawrence Seaway 


Rigid roof frames spanning 97 ft and 
reinforced with prefabricated skeleton 
trusses of concrete bars (in Rumanian) 


C. Cazmun, Industria Conatructiilor si a 
de Conatructii (Bucharest), V. 7, No. 5 
259-265 


Materialelor 
May 1956, pp 


Reviewed by J. J. PotivKa 


industrial 
building in Bucharest was replaced by “a Con- 
crete frame structure, 360 ft long, without 
interruption of manufacturing process in the 
existing plant. 


Destroyed timber roof of an 


This was possible by pre- 
fabricating round bar trusses with columns 
arranged outside the existing walls, 30 ft on 
centers, interconnected with six continuous 
purlins of the same type. Conerete was 
placed in forms attached to these welded 
skeletons, and a continuous skylight box, 22 
ft wide and 31% ft high, consisting of precast 
members was installed along the ridge. Cross 
section of frames, 16 x 32 in., reinforced with 
four- 1 in. diameter bars top and bottom, and 
double diagonals 0.8 in. diameter; eight ta- 


pered purlins 11 x 28in., reinforced with four 
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0.55 in. diameter bars at top, two- | in., two- 
1.2 in. diameter bars at bottom, and double 
diagonal | Iembedded tie, 
twelve 1.2 in. diameter bars, is suspended at 


in. diameter 
third points by hangers, 6 x 6 in., reinforced 
with four bars, 0.47 in Author 
was assisted in structural analysis by E 
Tifaru 


diameter. 


Organization of construction sites dur- 
ing winter time (in Rumanian) 


Trusrun 5 
tria 
Bucharest) 


(National technical organization), Jndus 

Conatructiilor # a Materialelor de Conatructii 

V. 7, No. 4, Apr. 1956, pp. 199-210 
teviewed by J. J. PotivKa 


Various methods of during 


winter (in freezing temperatures) are sug- 


concreting 
gested and discussed. Four special cases are 
(1) 
Installation of two air heaters in a large three- 
building, 40 ftx 150 ft, each having 
60,000) keal per hr; (2) Conerete shell roof 
covering 180 ft x 265 ft, with protective en- 


thoroughly described and_ illustrated: 


story 


movable forms for individual 
22'4 ft 
ing, approximately requiring 
2000 (4) 
Three-wing building covering 27,000 sq ft, 
with Mechanical 


installations for electrical heating 


closures of 


spans of (3) Large industrial build- 
30,000 ft, 


concrete foundations; 


aq 


cu yd for 


precast structural partes 


are thor- 


oughly described 


Umbrellas for wide spans 
Architectural Forum, V No. 6, Dee 
143 


105 19056 


pp. 142 


A two-story factory under construction in 


Texas provides 63 ft sq bays toof is formed 
by 3 


pended floor is supported by 


in. thick hyperbolic paraboloids Sus- 


precast, pre 
stressed space frame units in a depth of 9 ft, 
to 
vide constant conditions of humidity, tem- 


which contain all necessary utilities pro- 


perature, and dust free conditioning for pre 


cision manufacture of transistors 


Glockner-Kaprun hydro-electric 

scheme 

The Engineer (London), V 

14, pp. 379-481; No. 5252 

5254, Sept. 28, pp. 452-454 
Reviewed by 


202, 1956; No. 5251 
Sept. 21, pp. 417-419 


Sept 


No 


Anon L. Minsky 


its concrete dams have been 
the 


particularly the German journals 


Scheme and 


extensively deseribed = in literature, 


(see “Cur- 


rent Reviews,”’ ACI Journat, June 1953, p 
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979; June 1955, p. 1065; Oct. 1956, p. 426; 
and others). 

Paper under review affords an extensive 
survey and summary of the scheme, the dams, 
researches in concrete technology conducted 
in conjunction therewith, the power stations, 
ete., and will be of particular interest to those 
who for one reason or another do not have 
ready access to the foreign literature. (See 
also Engineering News-Record, July 21, 1955, 
p. 52.) 


Heat- and soundproofing of floors 
(Waermedaemmung und Schalidaem- 
mung von Decken) 
Leoroip Saurren, Die Bauzeitung (Stuttgart), V. 61, 
No. 7, July 1956, pp. 287-200 
Reviewed by Anon L. Minsky 

Tabulated coefficients for various types of 

floors, particularly concrete 


Modern coal-loading plant on the River 
Tyne 
Gronce Bauce Marniort, Proceedings, Institution of 
Civil Engineers (London), Part II, V. 5, No. 3, Oct. 
1956, pp. 432-446 
Reviewed by Anon L. Minsky 

One of appurtenances required was a rein- 
Phis 
was designed to withstand the impact of 
an out-of-control ship hitting at any point. 
Evaluation of magnitude of impact force is 
discussed in an appendix, 


forced-concrete quay on concrete piles. 


Glen Shira hydro-electric project 


Joun Paton, Proceedings, Institution of Civil Engi 
lL V.5 


neers (London), Part I, V. 5, No. 5, Sept. 1956, pp 


593-632 (including discussion), plates 


teviewed by Anon L. Minsky 


Development, layout, and design of the 
project (see also The Engineer, Apr. 20, and 
27, 1956, pp. 364-368 and 396-399; “Current 
Reviews,”’ ACI JourNAL, Sept. 1956, p. 334) 
which features, among other items of interest, 
a main dam 2250 ft long and 133 ft high, of 
round-head 


buttress under- 


Construc- 


type, and an 
ground lower generating station. 
tion details are also touched on. 


Materials store (Leith Docks) 
Prefabrication (London), V. 3, No. 35, Sept. 1956, pp 
502-505 

A storehouse for bulk materials, about 910 
ft long by 100 ft wide, has 6 ft high retaining 
walls with triangular buttresses supporting 
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reinforced concrete arches with a rise of 35 ft 
spanning between buttresses. Arches are 
connected by prestressed concrete ties at 
floor level and prestressed concrete purlins to 
support corrugated roofing. Details of arch 
and purlin design are given with description 
of construction methods employed. 


North of Scotland hydro-electric 
schemes: The Garry and Moriston 
schemes 
The Engineer (London), V. 202, No. 5254-5259, 1956 
Oct. 5, pp. 468-470; Oct. 12, pp. 503-507; Oct. 19, pp. 
545-546; Oct. 26, pp. 577-579; Nov. 2, pp. 611-614; 
Nov. 9, 647-649 

Reviewed by Arnon L. Minsky 

Another in a series (see ‘Current Reviews,” 
ACI Journat, Sept. 1956, p. 334). 

Schemes are expected to yield some 383 
million kwh annually, from an _ installed 
capacity of 106 million watts. Moriston 
scheme dams, of gravity type, are notable 
for two elements: use of Trief process (wet- 
ground slag added directly as a slurry to 
concrete mix, replacing 70 percent of the ce- 
ment), and use of precast concrete blocks as 
dam facing, eliminating forms. Major plant 
was at Cluanie dam; concrete and precast 
block facing for Loyne dam were transported 
from Cluanie plant. 

Note: River in’ Inverness-shire, 
here under discussion, is not the same as the 
River Garry in Perthshire, of Tummel-Garry 
Scheme fame (“Current Reviews,’ ACI 
JouRNAL, Mar. 1956, p. 808). 


Garry 


On the state of stress in the neighbor- 
hood of the anchor plates of prestress- 
ing tendons of prestressed reinforced- 
concrete constructions (Ueber den 
Spannungszustand im Bereich der 
Ankerplatten von Spanngliedern vor- 
gespannter Stahibetonkonstruktionen) 
Hans Stevens, Der Bauingenieur (Berlin), V. 31, No. 
4, Apr. 1956, pp. 134-135 
Reviewed by Anon L. Minsky 

In Der Bauingenieur, V. 27, No. 6, June 
1952, pp. 209-213 (see “Current Reviews,”’ 
ACI Journat, Feb. 1953, p. 596), author de- 
veloped expressions for symmetrical loadings 
of bearing pads. In current paper, author, 
after demonstrating that method for analysis 
of stresses in 


anchorages of prestressing 
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elements given in 1955 Betonkalendar (based 
on Moersch’s formula) is incorrect, extends 
his previous work to unsymmetrical cases by 
considering 


anti-symmetrical (antimetrisch ) 


components. Formulas for resultant tension 
in the 


developed. 


reinforced-concrete anchorages are 


Design of non-prismatic beams 


A. CHrRonowicz, 
neering (London), V. 
364 


Concrete and Constructional Engi 
51, No. 5, May 1956, pp. 359 


Presents a column analogy solution for a 
particular example consisting of a railway 
bridge of three spans, symmetrical about the 
centerline, involving two different spans, two 
different column heights, and haunched beam 
members. 


Design of column foundations and 
rigid rafts 
J. W. Wurre, Concrete and Constructional Engineering 
(London), V. 51, No. 5, May 1956, pp. 376-383 
Presents a graphical method for design of 
combined column footings. After discussion 
of method and derivation of formulas, three 
examples are used to illustrate application of 
design charts and tables. 
Bins for fluid combustibles in rein- 
forced concrete (in Rumanian) 


F. Rapuvescu and 8. AnaGnoste, Industria Con 
structiilor si a Materialelor de Constructii (Bucharest 
V. 7, No. 5, May 1956, pp. 284-287 


Reviewed by J. J. PotivKa 


Part I deals with general principles of de- 
sign and structural analysis, and discusses 
Part IT 
refers to chemical insulation of the bins with 
Part 
III discusses types of bins in which the prin- 


possibilities and methods of heating 
one or more resisting layers or coatings. 


ciple of hydraulic wall was used, or where 
interior sheet metal, straight or corrugated, 
made the walls impermeable 


Influence lines of bending moments in 
fully restrained arches (in Rumanian) 


Va 
May 


A. Fromescu, 
terialelor de Constructii 
1956, pp. 289-294 


Induatria Conatructiilor #i a 


Bucharest), V. 7, No. 5 


Reviewed by J. J. Potrwxa 


Author explains his opinion that classical 
statically indeter- 
and H.,, acting at the 


method of determining 
minate values of M,, V,, 
elastic centroid of the arch (as introduced by 
Morsch, 


complicated, 


Zavriev) is rather 


the 


Strassner and 


and discusses preferred 
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method of virtual displacements, which is 


also generally known. Application of this 
method to influence lines is presented on a 
numerical example (arch spanning 51 ft, with 


15.5 ft rise) 


New method of determining elastic 
deformations of fully restrained arches 
(in Rumanian) 

T. Drore, Industria Const uctiilor 


de Conatructii (Bucharest), V. 7, 
206-298 


Materialelor 
May 1956, pp 


sa 


NO. 9, 


Reviewed by J. J. PotivKa 


General formula to be used for any type 
of elastic deformation is presented and dis- 
cussed on basis of a simple numerical example, 
similar to method of determining elastic de- 
a cantilever 


formation of Same procedure 


is applied to method of virtual work 


Analysis of continuous beams under 
consideration of the settlement of sup- 
ports (in Rumanian) 


P. AposTroLteanu, Industria Conatructiilor ai a 
terialelor de Conatructii (Bucharest), V. 7, No. 3 
1956, pp. 149-164 


Va 
Mar 


Reviewed by J. J. PotivKa 


three, and 
analyzed under consideration 
Method 


equations 


Continuous beams with two, 
four spans are 
settlement at 
that 
(Clapeyron) is used, and equations with five 


Moment 


of various supports 


similar to of three-moment 


unknown moments introduced 
coefficients for continuous and partial uniform 


load are calculated for simplified calculations 


Analysis of frame structures by suc- 
cessive approximation (in Rumanian) 


M. Ivnim, Industria Constructiilor si a 
Conatructii (Bucharest), V. 7, No. 3 
164-169 


V ate 
Mar 


talelor de 
1056, pp 


Reviewed by J. J 


POLIVKA 


Discussion and application of methods pub 
lished by A. Slavin, K. Sattler, Hardy Cross 
and others Examples of multiple-span 


frames with and without sidesway 


Design of twin-gabled frames 


B. 8. 8. Rao, The Indian Concrete Journal 
V. 30, No, 4, Apr. 1956, pp. 114-119 


Bombay 


Compares three methods of solution for 
Methods com 
pared are: (1) Markland’s based on a slope 
deflection (2) Hardy 
on moment distribution; (4) a combination 
of the 
distribution 


two-span gabled rigid frames 


analysis; Cross’ based 


elastic center method and moment 
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Experience in design and construction 
in various fields of prestressed con- 
crete and resulting recommendations 
(in Rumanian) 


L, Scuivca and Troervt, 
Materialelor de Constructii, 
Apr. 1956, pp. 222-234 


Industria Conatructiilor si a 

(Bucharest), V. 7, No. 4 
Reviewed by J. J. Potivka 
Great number of I-shaped prestressed 
girders are described (maximum length 60 ft) 
and their design and precasting discussed. 
Post-tensioned cables were used with Korov- 
kin’s system of anchorage. Comparative 
costs for various spans are analyzed and tabu- 
lated. Special instruments for checking pre- 
stressing were used. 


A change ahead for structural design 


Ultimate strength design of concrete 


E. Conen, Architectural Record, V. 120: No 


2, Aug. 
1956, pp. 201-204; No. 4, Oct. 


1956, pp. 257-261 
Describes in plain language background 
and practical implications of ultimate strength 
design method for reinforced concrete and 
the limit analysis method for both structural 
steel and reinforced concrete. Technical 
points are explained by a large series of 
sketches. The article reviews the 
development of ultimate strength provisions 
of the ACI Building Code and explains in 
more detail the method, factors of safety, 
strength calculations, and deflections. 


second 


Graphic determination of deflection of 
a cantilever mast with variable mo- 
ment of inertia (in Polish) 


J. Mepwavowskt, Inzynieria i Budownictwo (War- 
saw), No. 3, 1955, pp. 97-102 

Pouisn Tecunica, ApsTracrs 

No. 2 (22), 1956 


Graphs are developed for determining 
maximum deflection of a cantilever mast with 
uniform and 
variable moment of inertia. 


deflection 


cross section continuously 
Calculation of 
using these graphs is a slide rule 
operation within limits of error of 1 or 2 per- 


cent. 


Stresses in chimney due to tempera- 
ture 
N. V. 
neering (London), V. 5 


Hinaorant, Concrete and Conatructional Engi- 


1, No. 7, July 1956, pp. 425-433 

Gives the analysis and derivation for the 
determination of temperature stresses, 
perature combined with vertical 
stresses, and temperature stresses combined 
with horizontal stresses in chimneys. 


tem- 
stresses 
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Further studies of stresses in the sub- 
grade under a pavement 


Geracp Pickxerr, Journal y Tefneleay. 
ginee ring College (India), 


Bengal En- 
' une 1956, pp 


Continues method developed by Pickett 
and Ai in an earlier paper, “Stresses in Sub- 
grade Under Rigid Pavement,’’ Proceedings, 
Highway Research Board, 1954. Gives 
results for a greater range of elastic properties 
and puts these results in a more usable form. 


Design of prismatic roofs 
I. Gaarar, Concrete and Constructional Engineering 
(London), V. 51, No. 10, Oct. 1956, pp. 509-515 
Presents analysis of a reinforced concrete 
prismatic roof of seven slabs in which a cor- 
rection is made for the joint displacements, 
after a preliminary analysis by approximate 
theory neglecting relative displacement of 
Displacements have a particularly 
important effect upon stress distribution in 
transverse direction. 


joints. 


Bending and axial stresses in hollow 
circular columns 


R. J. Bartvert, 


C gn and Constructional Engineer- 
ing (London), V. 5 


No. 11, Nov. 1956, pp. 537-543 

A theoretical analysis of stresses based on 
elasticity applicable to analysis of hollow 
circular reinforced concrete columns. Includes 
design curves for expressions in final equation 
difficult to compute. 


Foundations to resist subsidence 


ures and Constructional Engineering 
V.5 


(London) 
, No. 9, Sept. 1956, p. 491-493 


A two-way beam grid footing was de- 
signed for a six-story building. Beams form- 
ing the two-way grid for support of the col- 
umns were prestressed. Requirement for a 
high resistance to subsidence was necessitated 
by possible future mining of coal at shallow 
to moderate depths under site. 


Equilibrium of deformable bodies 
(L’equilibre des corps deformables) 
1955, 1680 F. 
Reviewed by Aron L. Mirsky 


G. Covonnert, Dunod, Paris, 162 pp., 


This book, a translation from the Italian, 
is a slender volume, but contains much of 
interest to the practicing structural engineer 
It is based on author’s past work (the list of 


his published papers on this subject, spanning 
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from 1910 to 1955, covers three solid pages 
of the book). 

In five chapters, author covers (1) general 
theory of equilibrium, (2) plastic deforma- 
tions, (3) frameworks and trusses, (4) author’s 
“new theory’”’ of beams and arches with par- 
ticular reference and 
reinforced concrete, and (5) prestressing of 
concrete. 


to continuous beams 


Design based on loads causing failure 
Concrete and Consturctional Engineering (London), V. 
51, No. 12, Dec. 1956, pp. 575-581 

Compares design ultimate strength 
method and elastic method. Compares ulti- 
mate strength design requirements of British 
Code and the ACI Building Code 


by 


Direct design of hingeless arches of 
constant section 


J. Micnaros, Civil Engineering, V. 26, No. 7, 


July 
1956, pp. 61-64 


Develops influence lines and tables for 
direct design of hingeless arches of circular, 
parabolic, and elliptical shapes for both ver- 
tical and lateral loads. 


Materials 


Natrium aluminate as admixture of 
concrete and mortar used for hydraulic 
structures and waterproofing in general 
(in Rumanian) 


I. Gratios: and M. Srancurescu, Industria Con 
structiilor si a Materialelor de Constructii, (Bucharest) 
V. 7, No. 4, Apr. 1956, pp. 242-250 

Reviewed by J. J. PotavKa 


New waterproofing material, locally avail- 


able, was used in the new power plant in 


the 
experience 


Sadu, and 
found from 


following advantages were 
shorter 
period of setting and hardening, considerable 
of impermeability, 
danger of cracking. Specifications for im- 
proved uses are presented 


and tests: 


increase and reduced 


Siporex as a material and as a tech- 
nique of construction (in Spanish) 


FerRnan Ropaicvuez Grit, Revista del Colegio De In 
generios de Venezuela (Caracas), No. 244, July 1956 
pp. 26-31 


Reviewed bv Josgern J. Wappe.t 


Article relates briefly the history of Siporex 
from its first use in Sweden in 1934. Siporex 
is the name of a patented material made of 
sand and cement. The process is used to 


manufacture blocks, slabs, and other precast 
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products which are said to be lightweight, 
insulating, resistant to frost and fire, and 
which possess other desirable properties for 
building construction. the 


products and their use is discussed, especially 


Manufacture of 


in connection with the factory recently con- 
structed at Caracas, Venezuela. This plant 
produces blocks, lintels, and slabs for walls, 
roofs, and floors 


Chemistry of cement and concrete 
F. M. Lea (revised edition of Lea and Desch), St 
Martin's Press, Inc., New York, 1956, 638 pp., $15 
This classic reference has been extensively 
rewritten to include new developments in this 
field in the 20 years following publication of 
the previous edition. It should appeal not 
only to cement chemists, but also to engineer 
architect in The 
added material includes entire new subjects 


and interested concrete. 


such as pozzolanic cements including blast- 
furnace slag cement, high-alumina cements, 
masonry cements, oil-well cements, non- 
shrinking cements, and properties of con- 
cretes made with these materials. Special 
types of concrete such as heavy concrete for 
radiation shielding and effects of lightweight 
aggregate related 
An entire section of book is devoted to be- 


havior 


to cement are discussed 


of concrete in use, including such 
topics as resistance of concrete to frost, fire, 
and chemical attack. Information is given on 
action of wide variety of potentially destruc- 
tive agents on conerete and protective meas- 
ures that can be used. Specialists in cement 
and concrete technology as well as everyday 
these materials will find this 


users of new 


book a most valuable reference 
Trief cement: How Scotland uses it to 
build dams 
Rock Producta, 
170-172 

Trief finely ground slag in 
slurry form which is blended with portland 
cement with aggregate 
Wet grinding process permits a 


V. 59, No. 6, June 1956, pp. 96-08 


cement is 4 


mixed to produce 
concrete 
fine grind and considerable economy in grind 
ing operation, Slurry will not set without the 
addition of an activator such as lime or port 
land cement and so it can be kept for a con 
The 


slurry may be dried if longer periods of stor- 


siderable period without deterioration. 


age are desired. Describes production process 


for producing slurry and mixing set-up for 
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use of trief-portland cement blends on various 
dams in Scotland. 


Russia's experiments with autoclaved 
foamed silicate products 


I. T. Kupryasuov, Rock Products, V. 59, No. 9, Sept 
1956, pp. 147-149, 173-174 


Illustrates production, erection, and con- 
De- 
scribes foam silicate material which consists 


struction using foamed silicate panels. 


of unslaked lime and sand, autoclaved to de- 
velop a quick strength. Foaming materials 
are similar to those used in foam concretes. 
Presents research data on weight and com- 
effect of quick-slaking, 
medium-slaking, and slow-slaking quicklimes 
with variations in time and temperature of 
autoclaving. 


pressive strength, 


Recent technical developments in proc- 
essing slag products—Part 3 
B. M. Pearson, Rock Products, V. 59, No, 16, June 
1956, pp. 142-160 

Describes the manufacturing processes for 
the production of lightweight slag products 
for use as concrete aggregates and insulation. 
Illustrates some special equipment developed 
for these processes. Presents some data on 
the performance in concrete of lightweight 
slag aggregates. 


Rapid field method for design of con- 
crete mixes 


C. A. Baker, Journal, Institution of Engineers, Aus 


tralia (Sydney), V. 28, No. 4-5, 
119-127 


Proposes new method for proportioning of 


Apr.-May 1956, pp. 


plastic concretes applicable to both field and 
laboratory procedures and for all aggregates. 
Method is based on the following steps: (a) 
preparation of a sand-cement mortar such 
that cement slurry just fills voids in sand, (b) 
reduce sand content by arbitrary amount to 
provide enough excess slurry to coat subse- 
addition 
of coarse aggregate to resultant mortar until 
voids in aggregate are just filled by mortar. 
It is claimed that this method of design 
makes it possible for an inexperienced opera- 


quently added coarse aggregate; (¢ 


tor to determine most economical concrete 
mix of desired strength from any available 
aggregates within 2 hr and that it 
shows a decided advantage over methods 
sieve being 
applicable to well graded or poorly graded 


aggregates 


about 


based upon analysis equally 
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Lightweight aggregate from pulver- 
ized-fuel ash 

W. Kownreuron, Concrete and Constructional Engr 
ted (London), V. 51, No. 12, Dee. 1956, pp. 571- 
Describes production of a lightweight 
aggregate from fly ash by sintering at a high 
temperature to achieve cohesion and pelletiz- 
ing. properties of some concretes 
made using these pellets as aggregate. 


Gives 


Use of isotopes in testing materials 
(in Rumanian) 
D. D. Nicurescu, Industria Constructiilor si a Ma- 
terialelor de Constructii (Bucharest), V. 7, No. 3, Mar. 
1956, pp. 169-175 
Reviewed by J. J. PotrvKa 
Referring to reports of Russian Concrete 
Institute and Academy of Sciences, methods 
are described for testing materials without 
destruction of samples—e.g. for determining 
density and moisture of concrete, volume 
(elevation) of various materials in enclosed 
containers, such as cement in silos, fluids 
under pressure, etc. 


Pavements 


Close control of mix and overrun 
saved contractor $30,000 in cement 


H. C, Persons, Roads and Streets, V. 99, No. 8, Aug. 
1956, pp. 53-57 


Describes field control of concreting on 
northern Indiana toll road which produced the 
required flexural strength of 700 psi with a 
saving of 4 percent of the total cement re- 
quirements. Careful construction restricted 
the overrun to 1.4 percent, as compared to 
other contracts on the same road, some of 
which overran as high as 8 percent. Control 


measures and concreting equipment are 


described. 


Concrete runways 
F, R. Martin, The Engineer (London), V. 202, No. 
5259, Nov. 9, 1956, pp. 665-666 
Reviewed by Aron L. Minsky 

annual 
meeting of the Pavings Development Group, 
Cement and Concrete Association, Oct. 17, 
1956. ) 

Discusses newer developments in British 
runway 


(Abstract of paper presented at 


construction practice: the use of 
scraping straightedges (borrowed from U. 8 
practice) and more plastic mixes, for im- 
proved riding quality; sawing of joints; de- 
sign; flexural test beams (using an American 
testing machine: “where is the equivalent 
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machine of British manufacture?’’); load 
carrying capacity; and prestressed concrete. 
Last-mentioned item includes description of 
interesting method used to reduce loss of pre- 
stress due to subgrade friction. 


Resistance of concrete surfaces to 
scaling action of ice-removal agents 


A. G. Timms, Bulletin No. 128, Highway 
Board, 1956, pp. 20-50 


Research 


A résumé of investigations to date on test- 
ing materials and procedures for protecting 
concrete pavements against scaling caused by 
calcium chloride or other thawing agents. 
It was found that 
affected by air content, type of air-entraining 


resistance to scaling is 


admixture, surface treatment or coats, ad- 
mixtures of oils, inhibitors, fly ash as replace- 
ment for portland cement, rate of application 
of calcium chloride, thawing agents other 
than calcium chloride, curing methods, and by 
vacuum method of finishing concrete. 


Self-propelled machines for unformed 
concrete slab construction in Illinois 
R. H. Trrrie, Bulletin No. 132, Highway Research 
Board, Dec. 1956, p. 11-21 

Describes and pictures development and 


use of self-propelled slip-form pavers for 


highway construction. Includes some tabu- 
lated data on measured surface variations, 
measured core strengths, and costs of sample 
projects. 


Mixed-in-place concrete paving meth- 
od shows fast production possibilities 
Roads and Streets, V. 99, No. 10, Oct. 1956, pp. 45-48 
Describes test on a 485 ft long accelerating 
lane, 12 ft wide, 8 in. thick, located near a 
California bridge. 
of concrete mixed in place. 


This pavement was placed 
Equipment and 
procedures are described. It was concluded 
that the production rates, 250 to 300 cu yd 
per hr, were feasible. Concrete quality was 
good. MR = 500 psi in 7 days 


Thin bonded concrete overlay pave- 
ment 


H. C. Persons, Roads and Streets, V. 94, No. 11, Nov 


1956, pp. 45-49 

A nominal thickness of 1% in. resurfacing 
was applied to 45,000 sq yd area of old con- 
crete at Selfridge Air Force Base in Michigan. 
Each step in procedure is illustrated. The 
specification required a nominal thicknes of 


4a minimum thickness of 1 in 
with standard Michigan 


highway practice, curing was accomplished 


114 in. and 
In conformance 
by white pigmented, membrane-forming 
compound, sprayed on pavement immediately 
after finishing. 
joints were sawed to entire depth of the resur- 


Intermediate contraction 


facing. 


Continental concrete roads 


DD. R. Suanp, The Reinforced Concrete Revieu 
V. 4, No. 3, Sept. 1956, pp. 141-176 


London 


The fact that virtually no new road con- 
struction in the last 10 years has been car- 
ried out in Great Britain was a reason for an 
intensive study of design and construction 
practices on the continent of Europe. Re- 
views road construction in Holland, Denmark, 
and Germany. Principal portion of the paper 
is devoted to a review of German practices 
with some discussion of American practices 


Concrete pavements of the USA (Re- 
vétments bétonnés aux USA) 


H. Grimonp and G 
1956, 224 pp., 3660 I 


Saras, Editions Eyrolles, Paris 
A review of American practice in the design 
and construction of concrete pavements and 
of available equipment capacities and cost of 
operation. Design methods of Corps. of 
Engineers and Portland Cement Association 
are discussed as being generally representa 
tive of good practice in the United States 
Major emphasis in this portion of book is on 
drainage and frost action. Inspection and 


fests necessary to assure conlormance ol 
finished pavements to plans and = specifica- 
tions are given in detail. Final section of the 
hook deals with productive capacity of pavers 
and other factors 


personnel organization, 


affecting cost of production 


Precast Concrete 


Nontraditional building — Three ex- 
perimental methods in Sweden 
V. 3, No. 33, July 1956, pp 


Prefabrication (London), 


401-407 

Mass production methods using precast 
concrete have been applied to the construction 
of eight-story apartment buildings, individual 
housing units 
ings. 
building 


, and 12-story apartment build- 


System used on eight-story apartment 


includes attractive architectural 
treatment of the exterior through use of sus 


pended precast balconies and fluted exterior 
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panel walls. Plastering is eliminated entirely 
in all three methods. The 12-story building 
was constructed by the sliding-form method, 
using foam concrete for insulation and ex- 
terior walls, and rubber form lining to pro- 
duce decorative architectural effects on ex- 
posed concrete. Interior walls were also 
constructed by the sliding-form method. In 
the 12-story apartment project, a sprayed 
plaster finish was used on foam concrete sur- 
faces to provide hard finish and to save tiling 
such areas as kitchens and bathrooms. 


Vaults of 2 in. thick precast corrugated 
reinforced concrete slabs (in Polish) 


S. Kumex, W. Meva, and W. Hoteman, Inzynieria i 
Budownictwo (Warsaw), No. 6, 1955, pp. 189-197 

Powisn TecunicaL AssTracts 

No. 2 (22), 1956 


An investigation was carried out during 
1953 and 1954 on roof coverings of folded and 
corrugated slabs. Tables are included list- 
ing the sizes and weights of the slabs, and 
amounts of material used per sq yd of hori- 
zontal projection for various column arrange- 
ments, 


Svenska Radio building 


Prefabrication (London), V. 3, No. 35, Sept. 1956, pp. 
494-496 


>» The 11-story building of Svenska Radio is 
almost entirely constructed of modular units 
of precast concrete with cast-in-place con- 
crete used principally for joints. Wall con- 
struction consisted of hollow walls with a 
rockwool insulating core; floors consisted of 
beams and girders, with hollow girders acting 
as conduit for the electrical and ventilation 
requirements. Particular attention is paid 
to the problems involved in modular planning 
to permit wide as possible use of precast con- 
crete standardized units. 


Precast reinforced concrete shell roofs 
with double curvature over rectangular 
base 


I. Doganorr, Prefabrication (London), V. 3, No. 31, 
May 1956, pp. 310-316 


Describes the 
shaped — ellipsoid, 


use of cylindrical dome- 

paraboloid, hyperbolic, 
conoidic-shaped shells for roof construction. 
Includes tabulated comparisons on the re- 
quirements of thickness and rise for spherical 
shapes, dome shapes, and cylindrical shapes, 
and various systems of assembly which have 
been used to combine these shapes into differ- 


ent types of long-span roofs. Includes dis- 
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cussion of construction problems, and con- 
struction and erection procedures which have 
been used. Results of some load tests on 
separate precast units are given. 


Corroded reinforcement destroys con- 
crete beams 
Car. L. Sueumer, Civil Engineering, V. 26, No. 12, 
Dec. 1956, pp. 56-57 

Analyzes failure of precast concrete joist 
used as exposed roof framing for lumber dry- 
ing kilns. Describes both the failure and re- 
pairs required. Poor quality concrete per- 
mitting access of moisture to steel, resulting 
in rusting, was held responsible for the failure. 


Block curing with CO, 
a, Zeseuran, Concrete, V. 64, No. 12, Dec. 1956, pp. 
Describes use of two-stage curing, conven- 
tional atmospheric-pressure steam-curing, fol- 
lowed by drying and exposure to carbon diox- 
ide. Used by one block plant to supply 6500 
block daily, to meet Corps of Engineers speci- 
fications on moisture content and compressive 
strength. 


Researches and results of a factory 
for reinforced concrete manufactured 
products (Recherches et réalisations 
d’une wsine de produits manufacturés 
en béton-armé) 
Cahiers, Centre Scientifique et Technique du Bati- 
ment (Paris), Bulletin 215 (no date), pp. 1-20 
Reviewed by Eomunp A. Pratt 
Describes processes and products of an 
establishment with a daily output of about 
200 tons of precast reinforced concrete build- 
ing elements. The Folliet system of precast 
floor elements comprising hollow joists and 
hollow flat arches is described and illustrated, 
as is also the Folliet system of precast wall 
elements comprising sills, hollow vertical 
elements (several forms), lintels, panels, etc. 
Other precast elements such as slabs, stair 
treads and window sills are shown. Methods 
of manufacture are illustrated. Article is 
profusely illustrated. 


Precast concrete in Russia 


Concrete and Constructional Engineering 


(London), 
V. 51, No. 9, Sept. 1956, pp. 495-499 


Describes factory-made precast and pre- 
stressed products developed in 
Russia. A particularly interesting wall panel 
consists of insulating cellular concrete faced 


precast 
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with thin ceramic tiles. The only manual 
operation involved is the placing of the tiles 
between ribs on a rubber mat used as a form 
liner and spacer. The resulting reinforced 
concrete wall panels are two-stories high. 


Ceramic bonded to concrete for span- 
drels 
accel Record, V. 120, No. 4, Oct. 1956, pp. 266 
26 

Describes use and erection of curtain wall 
panels made with a ceramic veneer facing and 
lightweight concrete backup. Present con- 
crete wall panels were attached by bolted 
connections to form complete walls for a four- 
story hospital in Arcadia, Calif. 
3 in. thick, relatively light in weight and yet 
possessed good strength, thermal properties, 
weathertightness, flexibility, and an easily 
surface. Weathertight- 
ness was secured by a Koroseal gasket around 
the perimeter of the panel as a water seal. 


Panels were 


maintained colored 


Increased life predicted for cooling 
towers: Extensive use of precast con- 
crete 

Derex J. Tow, Engineering (London), V. 182, No. 
4715, July 20, 1956, p. 76-77 


Reviewed by Arnon L. Minsky 


Concrete cooling towers are longer lived 
than the usual timber towers, but have cer- 
tain disadvantages. New type, using precast 
concrete H-frames joined with cast-in-place 
concrete, obviates these. Type of structure 
used combines packing and wall structures, 
with load distributed throughout the tower. 
(Filling is still conventional, of timber slabs.) 


Prefabricated petrol stations in Sweden 
Prefabrication (London), V. 3, No. 36, Oct. 1956, pp. 
543-545 

Describes design and construction of pre- 
cast’ Mobilgas service stations in Sweden. 
A standardized Pre- 
cast elements were all transported to each 


size was established. 


site by road 


Mass production of blocks made of 
cellular concrete hardened by steam 
(in Rumanian) 


R. Zvinet and D. Moasa, Industria Constructiilor # 
a Materialelor de Conatructii (Bucharest), V. 7, No. 5, 
May 1956, pp. 299-304 
Reviewed by J. J. PotivKa 
Results of tests on blocks hardened under 


steam pressure of 5 atmospheres, made of 
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60-70 
percent admixtures of granulated slag, trass, 


concrete consisting of cement with 
siliceous sand ground with clinker and also of 
unground thoroughly 


discussed and compared with those of com- 


ash. Properties are 


mon bricks. 


Structural Research 


Characteristics of prestressed concrete 
under repetitive loading 

C. E. Exsera, Jn., Journal of Prestressed Concrete 
Inatitute, V. 1, No. 3, Dee. 1956, pp. 7-16 


Describes model and full-size test to 
establish fatigue strength of prestressed con- 
crete that 


single value to embraee all span lengths and 


beams. Concludes there is no 


conditions of prestressing. Shows that dy- 
namic ultimate strength may not differ great- 
ly from static ultimate strength although 
cracking load is considerably lower 


Mechanical nondestructive method of 
testing strength of concrete (in Rumanian) 


H. Vota, Industria Constructiilor si a Materialelor 
de Conatructii (Bucharest), V. 7, No. 5, May 1956, 
pp. 304-307 


Reviewed by J. J. PoutvKa 


A 2-kg pointed ball exerts impact on con- 
crete surface and the relationship between 
the cavity and strength is established experi- 
mentally. 


Apparatus and its handling is 


described 


Testing concrete girders post-stressed 
by cables for the canopy over the 
Warsaw ice-ring grandstand (in Polish) 


Z. Zievinext, 8. 
Budownictwo (Warsaw) 


Kus, and T. Janoaz, Jnzynieria é 
No. 1, 1955, pp. 19-25 

Porn TreeunicaL Ansrnacts 

No. 2 (22), 1956 

Describes tests on elasticity, load carrying 

capacity, and behavior of girders during ten- 

Ten- 


sioning at both ends of cables was necessary 


sioning, transportation, and lifting 
since the frictional resistance was consider- 
able when tensioned only at one end. Girders 


failed at a safety factor of 2 as predicted. 


Load test on prestressed concrete beam 
at Sone Bridge 


B. 8. Maruun, The Indian Concrete Journal 


Bombay) 
V. 30, No. 6, June 1956, pp. 160-174 


Describes a full-scale load to failure test 
on a sample prestressed concrete beam of 


144.5-ft span 


The two-lane bridge consists 
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of a cast-in-place concrete slab supported on 
four girders with top flanges adjacent. Top 
flange was 6 ft 5 in. wide, 6 in. thick, and the 
stems 5 to 16 in. thick for the T-shaped gird- 
ers. The beam was repeatedly loaded with 
DL + 2 LL up to 24 hr at a time and finally 
failed at DL + 5.6 LL. 


Model test of a saw-tooth prestressed 
concrete shell roof (Ensayo, en modelo 
reducio, de una cabierta laminar de 
hormigon pretensado) 

Carvos Benrro, Informes de la Conatruccion (Madrid) 


V. 9, No. 81, May 1956, Item 466-2, 18 pp. 


Describes construction and testing of a 
model of one bay of a saw-tooth prestressed 
concrete shell roof designed to cover a fac- 
tory 80x 240 m. By a study of test results 
of cracking and final collapse of model strue- 
ture, designer was able to estimate necessary 
increase in load introduced by post-tensioning. 
Strength of actual structure was augmented 
by resistance obtained by grouting of cables 

a phenomenon it was not possible to con- 
sider in the model. It was estimated that the 
factor of safety against failure in the actual 
structure would be 3.5 which was considered 
satisfactory. 


General 


Reactor shielding design manual 
Turopore Rockwewt III, Editor, Office of Technical 
Services, U.S. Department of Commerce, Washington, 
D.C., Mar. 1956, 466 pp., $2.10 

This manual is intended to help an engineer 
or scientist design a practical shield by mak- 
ing available to him the techniques and data 
developed for the Naval Reactors Program 
and the Shippingport Pressurized Water Re- 
actor program. 
in approximate order that the designer would 
have to accumulate it in developing a shield 
design of his own. As more information is 
It is 
expected that designs may be made more 


The material was organized 


available further editions are planned. 


accurate, cheaper, and efficient as more in- 
formation is gathered. 
veloped from a series of separate papers and 


This manual was de- 


has been adequate to make possible design, 
construction, testing, and operation of sev- 
eral power reactor shields. An entire section 
materials, including heavy 
shielding concretes of most types used to date. 


is devoted to 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


April 1957 


Cost estimates of various special types of 
shielding conecretes are furnished, based upon 
costs on projects where they have been used. 
Sources by states are furnished for special 
aggregate required for heavy shielding con- 


cretes. 


Proceedings of the World Conference 
on Earthquake Engineering 


Rarthquake Engineering Research 
Francisco, 1956, 540 pp., $8.50 


Institute, San 


A collection of papers presented at the 
conference held to observe the 50th 
of the San Francisco earthquake. 
The collection includes some 40 individual 
papers. Papers are grouped in the following 
main classifications: measurements of actual 
ground motions due to earthquakes; theoreti- 
cal analyses of the structural response of 


anni- 
versary 


various types of structures to such motions; 


application of aseismic construction in 
Japan, Germany, Columbia, Chile, New Zeal- 
and, Pakistan, Mexico, Italy, and the United 
States; earthquake effects on soils and foun- 
dations; structural designs for earthquake 


resistance; conclusions; and panel discussions. 


National fire codes. V. 3—Building 


construction and equipment 


National 
Edition, 704 pp., $6 


Fire Protection Association, Boston, 1956 


Includes 33 standards, plus an informative 
discussion of building codes and references 
to model codes insofar as they apply to fire 
safety. Standards are phrased in terms of 
the intent being 
to permit utilization of any methods, devices, 


which will 


performance or objectives 


or materials produce desired 


results. 


Cutting concrete 


Conatructional Review (Sydney), V. 29, 
1956, p. 32 


No. 6, June 


Describes a method of cutting concrete 
using an “oxygen lance.’ The oxygen lance 
consists of an oxyacetylene torch to preheat 
steel rods used as fuel by the lance which 
harnesses heat generated when iron burns in 
oxygen. Apparatus described is 18 ft long. 
It is 
said to cut holes at the rate of 6 in per min. 
Hole diameter is roughly four times the 
diameter of the particular lance used up to 6 
ft in depth. 


Its tip is loaded with 1/16-in. steel rods. 





